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ABSTRACT
Lower and Middle Cambrian strata in the Lake Mead 
region of southern Nevada and northwestern Arizona are 
divisible into four lithologically heterogeneous 
formations. The oldest of these, the Lower Cambrian 
Tapeats Sandstone, rests nonconformably upon Proterozoic 
crystalline basement rocks, is characteristically cross­
stratified, and consists primarily of medium- to thick- 
bedded, medium to coarse sand-sized, well-sorted, 
subrounded, texturally supermature, silica-cemented 
quartzarenite. The recessive Lower and Middle Cambrian 
Pioche Shale gradationally overlies the Tapeats Sandstone 
and consists of greenish or reddish mudrock interbedded 
with thin lenses or beds of cross-stratified, glauconitic 
sandstone. A reddish, ledge-forming, flaggy sandstone 
unit— herein informally named the Diamond Bar Sandstone 
Member— occurs in the upper half of the Pioche Shale in 
all but northernmost parts of the study area. The cliff- 
forming, Middle Cambrian Lyndon Limestone gradationally 
overlies the Pioche Shale and typically consists of a 
light gray or light brown weathering, medium- to thick- 
bedded, very well indurated, partially recrystallized and 
dolomitized limestone. The youngest formation studied, 
the Middle Cambrian Chisholm Shale, sharply overlies the 
Lyndon Limestone and typically consists of greenish or
iii.
reddish mudrock intercalated with thin grainstone beds.
The Lyndon and Chisholm formations show an antithetic 
thickness relationship that suggests the existence of a 
generally east-west oriented, early Middle Cambrian 
carbonate bank near the center of the study area.
Nine intergradational lithofacies are recognized 
within Lower and Middle Cambrian strata in the Lake Mead 
region. Each of these facies is inferred to represent a 
shallow-subtidal, intertidal, or supratidal 
paleoenvironment. The depositional model proposed for 
these lithofacies, based solely on vertical facies 
relationships with limited biostratigraphic control, 
involves seaward progradation of terrigenous siliciclastic 
sediments and the expansion of carbonate-accumulation 
areas in response to variation in the rates of relative 
sea-level rise and sedimentation. During times of slow 
relative sea-level rise, terrigenous siliciclastics were 
deposited throughout that portion of the Cambrian shelf 
that now lies within the study area. When the rate of 
relative sea-level rise was rapid, however, siliciclastic 
sedimentation was confined to coastal areas, allowing 
carbonates to accumulate.
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INTRODUCTION
Purpose
Lower and Middle Cambrian strata in the Lake Mead area 
of southern Nevada and northwestern Arizona form the 
characteristic sandstone-shale-1imestone sequence familiar 
to all students of Grand Canyon geology. Comprised of 
conglomerate, sandstone, siltstone, shale, limestone, and 
dolostone, this lithologically heterogeneous sequence was 
deposited on the rapidly subsiding, passive margin of 
western North America during the initial stages of the 
Sauk transgression (Sloss, 1963). This sinuous, north- 
south trending continental margin, recovering from the 
effects of late Precambrian rifting, was characterized by 
a westward-thickening wedge of sediments on its seaward 
side and thinner, cratonic deposits on its shoreward 
flanks (Stewart, 1970, 1972, 1976; Sears and Price, 1978; 
Dickinson, 1981) .
Very little data concerning Cambrian stratigraphy in 
the Lake Mead area are available. Of the few published 
studies, most have concentrated on broad regional 
correlation of formations defined outside the area or on 
documenting the presence of Cambrian strata within it. 
Conversely, Cambrian stratigraphy in adjacent regions is 
relatively well known owing to the efforts of McKee (1945) 
in the Grand Canyon, Merriam (1964) in the Pioche
2
district, and Stewart (1970) and Palmer and Hailey (1979) 
in the Spring Mountains--Death Valley region (Fig. 1).
Even less data are currently available concerning 
Cambrian depositional environments in the Lake Mead area. 
To date, this subject has received only very brief mention 
in a geologic field guide (Palmer and Nelson, 1981). Of 
the surrounding areas, the Spring Mountains— Death Valley 
and Grand Canyon regions have received the most attention 
in terms of Cambrian paleoenvironments while the Pioche 
region has virtually been ignored.
Therefore, the purpose of this study is to (1) 
describe the 1ithostratigraphy of Lower to Middle Cambrian 
rocks from the Precambrian crystalline basement to the 
base of the Muav-Highland Peak-Bonanza King equivalent at 
sections throughout the Lake Mead area; and (2) deduce the 
depositional environments represented by this 
stratigraphic sequence.
Regional Setting 
Unlike correlative sequences to the west and north 
that were transported eastward tens of kilometers during 
the Cretaceous Sevier orogeny (Armstrong, 1974), the 
Cambrian sequence of the Lake Mead and Grand Canyon areas 
is autochthonous with respect to Sevier thrusting (Palmer 
and Nelson, 1981). However, Cambrian rocks in the Lake 
Mead area were tectonically disturbed by Miocene tensional
3
FIGURE 1. Index map of the Lake Mead region (patterned 
area) showing locations of measured sections (triangles), 
neighboring regions, the approximate easternmost limit of 
Cretaceous overthrusting (sawteeth), and the westernmost 
edge of the Colorado Plateau (jM<m m.) .
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fracturing that caused extensive normal faulting and led 
to the familiar basin-and-range topography especially 
characteristic of Nevada (Palmer and Nelson, 1981). 
Generally east-west oriented, left-lateral, strike-slip 
faults subsequently disrupted the fault blocks during the 
Late Tertiary (Palmer and Nelson, 1981).
The present study area, henceforth referred to as the 
Lake Mead region (Fig. 1), encompasses the southern tip of 
Nevada and the northwestern corner of Arizona. Part of 
the Basin and Range province, the Lake Mead region is 
bounded on the west and north by the easternmost limit of 
Late Cretaceous Sevier overthrusting as delineated by 
Wernicke et al. (1984) and Palmer (1971), on the east by 
the western edge of the Colorado Plateau, and on the south 
(somewhat arbitrarily) by latitude 35° 30'. Because the 
rocks of this region were not part of the Sevier 
overthrust belt, the Cambrian stratigraphic sequence in 
the Lake Mead region is essentially identical to that 
described by McKee (1945) in the western Grand Canyon in 
terms of general stratigraphic succession and relationship 
to both older and younger rocks.
Methods of Study
Nine Lower to Middle Cambrian sections (Fig. 1) were 
measured with a Jacob's staff and described during the 
summer and autumn of 1985 (Appendix A ) . The sections
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typically exhibit almost 100% exposure and are 
structurally uncomplicated. Distance between sections 
ranges from 14 to 72 km. Exceptionally wide separations 
exist between the sections at Tramp Ridge, Frenchman 
Mountain, and Sheep Mountain because there are no known 
structurally uncomplicated, autochthonous Cambrian rocks 
in intervening ranges except for those exposed along the 
western flank of Lime Ridge immediately west of Tramp 
Ridge (Fig. 2). A Cambrian section was not measured at 
Lime Ridge due to its relative inaccessibility when 
compared with Tramp Ridge only 8 km to the east.
Several structurally complex, altered exposures of 
Lower and Middle Cambrian rocks have recently been 
discovered near Boulder City, Nevada, by Eugene I. Smith 
of the University of Nevada, Las Vegas, and his students. 
Slightly to highly altered, stratigraphically incomplete, 
fault-bounded portions of the Tapeats Sandstone and Pioche 
Shale outcrop in the River Mountains (Timm, 1985), on 
nearby Saddle Island (Sewall, in preparation), and near 
Guardian Peak (Naumann, in preparation; Fig. 2). In 
addition, relatively unaltered, fairly complete, fault- 
bounded slivers of the Tapeats Sandstone and the Lyndon 
Limestone outcrop near the Cohenour Mine along Wilson 
Ridge (Feuerbach, in preparation; Fig. 2). An extremely 
thin slice (ca. 1 m thick) of the uppermost Pioche Shale 
is also present at this location. Due to their structural
7
FIGURE 2. Cambrian outcrops in the Lake Mead region and 
adjacent areas. Note the relative paucity of Cambrian 
exposures within the study area (outlined b y — --— ). The 
explanation for this figure appears on page 9. Modified 
after Palmer (1971; Fig. 2) and Palmer and Nelson (1981; 
Fig. 2).
Ut ah  I 
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FIGURE 2 (cont.)
EXPLANATION
BM = Bare Mountain Me = Mercury area
BeM = Beaver Mountains MC Meriwitica Canyon
BR = Bunkerville Ridge NR = Nopah Range
DV = Death Valley PM = Providence Mountains
De = Delamar Range RS = Resting Springs Range
DR - Desert Range RM = River Mountains
El = Ely Range SI = Saddle Island
Eu = Eureka area SM = Sheep Mountain
FM = Frenchman Mountain SV = South Virgin Mountains
GC = Grand Canyon SpM = Spring Mountains
GrP = Granite Park TP = Toroweap Point
GP = Guardian Peak TR = Tramp Ridge
HC = Havasu Canyon V = Virgin Mountains
HR = Highland Range WW = Wah Wah Range
LC = Last Chance Range WhR = Whitney Ridge
LR = Lime Ridge WR = Wilson Ridge
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complexity and metamorphosed condition, these partial 
sections were not included in this study. However, all 
but the Guardian Peak exposures were visited and examined.
In measuring each section, distinction between 
individual units was based entirely on lithologic 
character such that subsequent investigators could also 
recognize each unit as being individually distinct. Among 
those features recorded in the field were dry rock color 
(both fresh and weathered), bedding thickness, induration 
degree, grain size, sorting, roundness, effervescence in 
10% HC1, contact nature, outcrop character, and lithology 
(Appendix B ) . Lower and Middle Cambrian units were also 
examined petrographically with a polarizing microscope, 
primarily to complement field observations or to determine 
lithology in rocks masked by secondary features. Primary 
sedimentary structures, both physiogenic and biogenic, 
were also recorded.
Cross-stratification was measured only where three- 
dimensional exposure allowed reliable assessment of 
foreset shape and maximum dip direction. Numerous 
otherwise satisfactory exposures showed ill-defined 
foresets or were masked by desert varnish or secondary 
iron banding such that cross-stratification could not be 
reliably measured. Where exposure conditions were 
satisfactory, however, the magnitude and direction of 
inclination--both of the foresets, as they now occur in
11
the field, and of the overall sequence— were measured with 
a Brunton compass. Unless an individual bed showed more 
than one direction of cross-stratification, only one cross­
stratification reading was taken per bed; eleven to thirty- 
four readings were measured per section. The component of 
dip imposed by structural tilt about a horizontal axis was 
removed from the raw data via the stereographic procedure 
outlined in Potter and Pettijohn (1977). Structural 
blocks in the Lake Mead region may have been rotated about 
a vertical axis as well, but such structural deformation 
is difficult to demonstrate. Therefore, no attempt was 
made to correct the raw data for this type of movement.
Resultant paleocurrent directions were plotted on a 
rose diagram at 30° class intervals to visually determine 
paleocurrent pattern. A more complete statistical 
treatment was not attempted, because a detailed basin 
analysis was not one of the purposes of this study.
However, the paleocurrent data assisted in 
paleoenvironmental interpretation.
Because the study area lies within the Basin and Range 
province, Cambrian exposures are part of discrete, fault- 
bounded mountain blocks. Where present, the Lower and 
Middle Cambrian sequence is characteristically found along 
the western flanks of these structural blocks (Fig. 3). 
Primarily composed of sandstone and shale, the two basic 
lithologies least resistant to weathering under semi-arid
12
FIGURE 3. Typical exposure of Lower and Middle Cambrian 
strata in the Lake Mead region. p€ = Precambrian 
crystalline basement rocks, -Ct = Tapeats Sandstone, -Cp = 
Pioche Shale, -Cl = Lyndon Limestone, -€c = Chisholm Shale, 
and -Cm = Muav Limestone. Exposure is at Tramp Ridge.
to arid conditions, the Lower to Middle Cambrian sequence 
is often partially obscured by talus and scree from 
stratigraphically and topographically higher, more 
resistant carbonates. The Lower and Middle Cambrian 
sequence is easily recognizable throughout the Lake Mead 
region, however, because it is the only sandstone-shale- 
limestone succession present in the local stratigraphic 
column. As a result, stratigraphic correlation between 
discrete mountain blocks is based solely on lithologic 
s imilar ity.
Paunal assemblages were not examined in this study, 
but Cambrian trilobite assemblages have been documented by 
Schenk and Wheeler (1942) at the Grand Wash Cliffs,
Wheeler (1943) at Davidson Peak and other localities 
scattered throughout southern and central Nevada, Resser 
(1945) throughout the Grand Canyon, Pack and Gayle (1971) 
at Frenchman Mountain, A. R. Palmer (in Merriam, 1964; 
Palmer and Hailey, 1979; Palmer and Nelson, 1981) 
throughout southern Nevada, and Stephen M. Rowland 
(personal communication, 1986) at Sheep Mountain.
Biostratigraphic correlation between Lower and Middle 
Cambrian rocks in the Lake Mead region and those in all 
surrounding regions is thus possible. Biostratigraphy is 
an especially helpful correlation tool when comparing the 
Lower and Middle Cambrian sequence of the Spring Mountains- 
-Death Valley region (Fig. 1) with that of the Pioche,
14
Lake Mead, and Grand Canyon regions, because the Spring 
Mountains--Death Valley sequence is 1 ithologically 
dissimilar to correlative sequences in the latter regions.
Previous Study: Stratigraphy 
Lake Mead Region.--When compared with surrounding regions, 
literature pertaining to Cambrian stratigraphy in the Lake 
Mead region is relatively scarce. Longwell (1928) was the 
first to recognize Cambrian strata in this region when he 
described a sandstone-shale-1imestone sequence at Whitney 
Ridge (Fig. 1) and tentatively correlated it with the 
Tapeats Sandstone, Bright Angel Shale, and Muav Limestone 
of the Grand Canyon region (Fig. 4). Hewett (1931) 
recognized the Tapeats Sandstone and Bright Angel Shale 
over 140 km to the southwest of Whitney Ridge at the 
southern tip of Sheep Mountain near Jean, Nevada (Fig.
1). Wheeler (1943) confirmed the tentative correlations 
of Longwell (1928) and extended them northward to Eureka, 
Nevada (Fig. 2), by studying seven widely separated Lower 
and Middle Cambrian sections from central Nevada to the 
western Grand Canyon including the Whitney Ridge and 
Davidson Peak (Fig. 1) sections also examined in the 
present investigation. McNair (1951) also described the 
Cambrian section at Whitney Ridge in an attempt to 
correlate Paleozoic rocks throughout northwestern 
Arizona. Seager (1966) described Cambrian sections
15
FIGURE 4. Regional time-stratigraphic correlation (based 
on trilobite assemblage-zones) between Lower and Middle 
Cambrian lithologic units in the Lake Mead region and 
surrounding areas. Queries indicate uncertainty in 
contact location relative to trilobite assemblage-zones, 
which themselves often have vague boundary relationships. 
For example, the precise location of the contact between 
the Lower and Middle Cambrian series is uncertain due to 
ambiguity in the boundary between the Olenellus and the 
Plagiura-Poliella zones. Modified after Stewart (1970) 
and Palmer and Hailey (1979).
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exposed along Bunkerville Ridge at Nickel Creek and at the 
southern tip of Tramp Ridge as part of his general 
geologic study of the Virgin Mountains (Fig. 2). Morgan 
(1968) also described the Cambrian section exposed at the 
southern tip of Tramp Ridge in conjunction with his 
investigation of the structure and stratigraphy of the 
northern portion of the South Virgin Mountains (Fig. 2). 
Pack and Gayle (1971) measured a portion of the Lower and 
Middle Cambrian section at Frenchman Mountain (Fig. 1) in 
order to characterize the lithology of fossil beds bearing 
a new genus and species of olenellid trilobite (i.e., 
Biceratops nevadensis). Palmer and Nelson (1981) reviewed 
the Early and Middle Cambrian rocks at Frenchman Mountain 
as part of their field guide to Lower and Middle Cambrian 
stratigraphy and paleontology in the southern Great Basin.
Grand Canyon Region.--Cambrian stratigraphy in the Grand 
Canyon region is particularly well known. Although it is 
not the purpose of this paper to provide a complete 
history of Cambrian investigations in the Grand Canyon 
region, an excellent review of such literature appears in 
McKee (1945). Jules Marcou (1856) was the first to 
describe the sandstone-shale-limestone sequence (now 
recognized as Cambrian) in the Grand Canyon. Gilbert 
(1874) applied the first formal name to this distinctive 
sequence: the Tonto Group. Gilbert (1875) also introduced
18
the concept that the stratigraphic progression from 
sandstone to shale to limestone represents sedimentation 
in a slowly transgressing sea. Marvine (1875) was the 
first to correlate rocks of this sequence in the western 
Grand Canyon to those of the same sequence in the eastern 
Grand Canyon. This rough correlation was generally 
accepted for the next 70 years despite a lack of faunal 
control. Although Walcott (1890) paleontologically 
confirmed the tentative suggestion of Newberry (1861) that 
the sandstone-shale-limestone sequence (i.e., the Tonto 
Group) is Cambrian in age, he made no attempt to use the 
sparse faunal assemblages of this sequence to test the 
time-equivalency of the lithologic correlation proposed by 
Marvine (1875). Noble (1914) proposed that the Tonto 
Group of Gilbert (1875) be divided into three formations, 
namely the Tapeats Sandstone, Bright Angel Shale, and Muav 
Limestone.
In a landmark study, Edwin D. McKee (1945) traced 
these formations the length of the Grand Canyon over 200 
km essentially perpendicular to the Cambrian depositional 
strike. Not content with simple lithologic correlation, 
McKee divided the Tonto Group into eighteen members and 
tongues and fifteen lithofacies. Based on three 
stratigraphically thin but regionally widespread trilobite 
assemblage-zones, McKee observed that formational contacts 
are found at stratigraphically higher positions from
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western to eastern portions of the Grand Canyon relative 
to these biozone boundaries. McKee thus demonstrated the 
overall time-transgressive character of the Grand Canyon 
Cambrian. Based primarily on the observation that 
progressively younger tongues of the Muav Limestone 
generally extend further eastward into the mudstones of 
the Bright Angel Shale, McKee recognized that the Cambrian 
sea advanced in a series of steps or pulses interrupted by 
minor regressions.
Pioche Region.--Cambrian stratigraphy in the allochthonous 
regions to the west and north of the Lake Mead region are 
also relatively well known. In general, Cambrian 
formations have been defined in two separate areas: the 
Pioche region to the north and the Spring Mountains— Death 
Valley region to the west of the Lake Mead region (Fig.
1). In the Pioche region, the study of Cambrian rocks 
began in 1871 when G. K. Gilbert of the Wheeler Survey 
examined the active mines in this area and described the 
local geologic structure (Gilbert, 1875). A member of the 
same survey, E. E. Howell (1875) made the first 
descriptions of Cambrian stratigraphy in the area, 
observing an unknown thickness of quartzite overlain by 
400 feet (about 122 m) of unfossiliferous limestone.
Howell collected fossils from the lower portion of what is 
now known as the Pioche Shale, thus establishing the
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Cambrian age of these units. Subsequent stratigraphic and 
paleontologic revisions by Walcott led to the definition 
of the Pioche Shale (Walcott, 1908) and the Chisholm Shale 
(Walcott, 1916). As part of a comprehensive study of the 
geology and oil deposits of the Pioche region, Westgate 
(1927, 1932) defined several limestone formations within 
the upper part of the Cambrian sequence, including the 
Lyndon Limestone and the Highland Peak Limestone. Shortly 
thereafter, Wheeler and Lemmon (1939) divided the Highland 
Peak Limestone into seventeen lithologically distinct 
members. Based on the subsequent recognition of two 
unconformities within the Highland Peak Limestone as 
originally defined, Wheeler (1940) proposed that the name 
'•Highland Peak Limestone” be restricted to the upper part 
of the original interval and that the lower part be 
divided into the stratigraphically lower Peasley Limestone 
and the stratigraphically higher Burrows Dolomite.
Wheeler (1943, 1948) was also the first to correlate 
Cambrian rocks of the Pioche region with those found in 
eastern California, central and southern Nevada, western 
Utah, and northwestern Arizona.
In a study of Cambrian rocks in the Pioche mining 
district, Merriam (1964) greatly refined local Cambrian 
stratigraphy. He rejected the restriction of the Highland 
Peak Limestone proposed by Wheeler (1940) and divided each 
formation into lithologically distinct, regionally
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mappable members. Six members were recognized within the 
Pioche Shale, three in the Lyndon Limestone, and thirteen 
in the newly renamed Highland Peak Formation. Wherever 
possible, Merriam used stratigraphic nomenclature 
introduced by local mining companies in their search for 
the characteristically strata-bound ore deposits of this 
region.
Recently, Velechovsky (1985) described the Lower 
Cambrian Combined Metals and C-shale members of the Pioche 
Shale from the Pioche mining district south to the Delamar 
Range (Fig. 2) in an attempt to determine their 
depositional environments. Dividing these members into 
eight lithofacies, Velechovsky recognized (1) that the 
subdivisions of the Combined Metals Member as defined by 
Merriam (1964) cannot be traced beyond the Pioche mining 
district; and (2) that lithofacies grade from dominantly 
carbonates in the north to mostly siliciclastic in the 
south.
Spring Mountains— Death Valley Region.— As previously 
mentioned, Wheeler (1948) observed that the allochthonous 
Cambrian rocks of the Pioche region are roughly 
correlative with those to the southwest near the 
California-Nevada state line. However, Cambrian 
formations in the latter region were defined in the Spring 
Mountains and in Death Valley (Fig. 2). The earliest
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geologic work on strata now recognized as Cambrian in the 
Spring Mountains--Death Valley region was undertaken by 
Gilbert (1875), Spurr (1903), and Ball (1907). Each 
investigator concentrated on the regional occurrence of 
these strata. Nolan (1924, 1929) named several units in 
the Precambrian-Cambrian sedimentary sequence during his 
investigations of the northwestern Spring Mountains.
These units include the Wood Canyon Formation, a unit 
whose upper part is now recognized as lithologically 
equivalent to the lower portion of the Tapeats Sandstone 
in the Lake Mead region (Stewart, 1970). Hazzard (1937) 
extended the recognition-area of the Wood Canyon Formation 
southward to the Nopah Range (Fig. 2) and introduced the 
name "Zabriskie Quartzite" for the regionally extensive 
sandstone unit at the top of the Wood Canyon Formation as 
originally defined. This unit is now recognized as coeval 
to portions of the Tapeats Sandstone in the Lake Mead 
region (Stewart, 1970). Hazzard (1937) also extended the 
recognition-area of the Bonanza King Formation, the 
temporal equivalent of the Muav Limestone in the Grand 
Canyon region, to the Nopah Range. Hazzard and Mason 
(1936) had originally defined the Bonanza King in the 
Providence Mountains of San Bernadino County, California 
(Fig. 2). Almost a quarter of a century later, Cornwall 
and Kleinhampl (1961) defined the Carrara Formation, the 
unit now recognized as essentially coeval to the Bright
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Angel Shale in the Grand Canyon region (Palmer and Hailey, 
1979; Fig. 4). By the early 1960s, formal names had 
therefore been applied to the entire Cambrian sandstone- 
shale-limestone sequence in the Spring Mountains— Death 
Valley region.
Numerous refinements of Cambrian stratigraphy followed 
these initial studies, including those of (1) Bates 
(1965), Wright and Troxel (1966), Troxel (1967), and 
Reynolds (1971) in the Death Valley area; (2) Barnes et 
al. (1962), Burchfiel (1964), Stewart and Barnes (1966), 
Barnes and Christiansen (1967), and Ekren et al. (1971) in 
or immediately adjacent to the Nellis Bombing Range; and
(3) Stewart (1965) in the Last Chance Range of eastern 
California (Fig. 2). These geologists and others extended 
the recognition-area of the Wood Canyon, Zabriskie, 
Carrara, and Bonanza King formations throughout the Spring 
Mountains--Death Valley region and set the stage for 
Stewart (1970) to determine stratigraphic relationships 
between Upper Precambrian to Lower Cambrian strata in the 
Spring Mountains— Death Valley region and that of 
adjoining regions to the northwest and east. Palmer and 
Hailey (1979) followed with a detailed stratigraphic 
analysis of the Lower and Middle Cambrian Carrara 
Formation in which they recognized nine lithologically 
distinct members and three major carbonate lithofacies. 
Based on four trilobite assemblage-zones, Palmer and
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Hailey correlated the members of the Carrara Formation 
with stratigraphically equivalent formations in adjacent 
regions. These and other correlations are discussed in 
the stratigraphy section of this paper.
Previous Study: Depositional Environments 
Lake Mead Region.— Prior to this study, little was known 
of Cambrian depositional environments in the Lake Mead 
region. In a field guide to Lower and Middle Cambrian 
stratigraphy and paleontology in the southern Great Basin, 
Palmer and Nelson (1981) described a Cambrian section 
exposed along the northwestern flank of Frenchman Mountain 
(Fig. 1) and noted that all sedimentologic structures 
exposed there are consistent with deposition in shallow 
marine or marginal non-marine settings. This brief 
analysis is the only published reference known to the 
author discussing Cambrian depositional environments 
within the Lake Mead region.
Grand Canyon Region.— Cambrian depositional environments 
are also poorly documented in the Grand Canyon region. 
McKee (1945), the first to interpret Cambrian 
paleoenvironments in this region, demonstrated that 
Cambrian sediment in the Grand Canyon area was deposited 
during a major west-to-east transgression of the sea 
interrupted by several minor regressions. He suggested
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that Cambrian lithofacies developed in a characteristic 
offshore-deepening sequence during transgressive 
episodes. This sequence consisted of the following eight 
lithofacies: mottled, aphanitic limestone; oncolitic 
limestone; rusty-brown dolomite; ferruginous, glauconitic 
sandstone; green fissile mudstone; fine-grained sandstone; 
coarse-grained sandstone; and conglomerate. According to 
McKee, this sequence was repeated in a step-like manner at 
least five separate times during the overall transgression 
of the Cambrian sea. He suggested that minor regressions 
of the Cambrian sea are marked by (1) laterally extensive, 
silty, micaceous, platy limestone units interbedded with 
purer carbonate rocks representative of deeper water 
marine settings; (2) thinly bedded, intraformational, flat- 
pebble limestone conglomerates in carbonates deposited in 
somewhat shallower marine settings; and (3) green shales 
in the shallowest marine settings of the Cambrian 
regressive sea.
For almost three decades, McKee's (1945) study served 
as a textbook example of transgression and regression and 
of a deepening marine facies sequence from the shallow- 
marine Tapeats Sandstone to the deeper marine Bright Angel 
Shale to the deepest water marine Muav Limestone (e.g., 
Dunbar and Rodgers, 1957, p. 140-142; Shelton, 1966, p. 
266-273; Press and Siever, 1974, p. 54-55). Wanless 
(1973, 1975), in his re-evaluation of Cambrian
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depositional environments in the Grand Canyon, challenged 
this model when he observed that the Tonto Group contains 
numerous primary sedimentary structures and petrologic 
features indicative of very shallow-subtidal to intertidal 
deposition. These features include (1) abundant 
Corophioides and Skolithos ichnofossils in the Bright 
Angel Shale and Muav Limestone; (2) hematitic ooid beds 
capping herringbone cross-laminated, glauconitic 
sandstones in the Bright Angel Shale with petrologic 
features diagnostic of formation on an oxidizing, slightly 
emergent, paleosol surface; (3) a 20-m-thick zone of 
unburrowed, channelled, flaser-bedded sandstone in the 
Bright Angel Shale of central and western Grand Canyon;
(4) a 20-m-thick dololaminite sequence in the Muav 
Limestone of western Grand Canyon; (5) rare stromatolites 
in the Muav Limestone of eastern Grand Canyon; and (6) the 
presence of medium-grained quartz sand and beds of small, 
rounded-pebble intrasparite in the Muav Limestone of 
western Grand Canyon. Wanless (1973) thus refuted the 
classic concept of offshore-deepening marine environments 
proposed by McKee (1945, 1969, 1974) for the sandstone- 
shale-limestone sequence of the Tonto Group. He proposed 
that the Cambrian rocks of the Grand Canyon area instead 
record deposition on a broad, shallow platform where 
siliciclastic and carbonate sediments commonly accumulated 
on tidal flats.
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The only other published analysis of Cambrian 
paleoenvironments in the Grand Canyon vicinity was 
conducted by Hereford (1977) in central Arizona. Hereford 
(1977) recognized six major facies in the Tapeats 
Sandstone of central Arizona based on grain size, bedding 
thickness, dispersion of cross-stratification dip 
azimuths, and assemblages of primary sedimentary 
structures and trace fossils. Four of the five facies 
occurring in west-central Arizona were interpreted to 
represent a tidal-flat setting, whereas the fifth facies 
was inferred to represent a beach. The sixth facies, 
restricted in occurrence to east-central Arizona, was 
inferred to represent deposition in prevegetation bedload 
streams with braided channels. These streams transported 
poorly sorted, coarse sand and gravel westward to the 
tidal flats (Hereford, 1977).
Pioche Region.— Cambrian depositional environments are 
also poorly understood in the Pioche region. Although 
Merriam (1964) did not study depositional settings in 
detail, he suggested (p. 12) that the Prospect Mountain 
Quartzite of the Pioche mining district is of "nearshore, 
partly subaerial, partly shallow water [marine] origin 
under fluctuating conditions of rise and fall of the 
strand."
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Velechovsky (1985) conducted the only detailed study 
of Cambrian depositional environments in the Pioche 
region. Although he recognized that the Combined Metals 
and C-shale members of the Pioche Shale are divisible into 
eight lithofacies that generally grade from carbonates in 
the north to terrigenous siliciclastic rocks in the south, 
Velechovsky (1985) nevertheless incorporated these 
distinctly north-south facies trends in an east-west 
oriented depositional model. He suggested that the 
carbonate rocks of the northern portion of his study area 
(i.e., the Highland Range; Fig. 2) represent shallow- 
subtidal environments on the Cambrian shelf, whereas the 
dominantly siliciclastic rocks of the southern part of his 
study area (i.e., the Delamar Range; Fig. 2) record 
shallow-subtidal to intertidal environments.
Spring Mountains— Death Valley Region.--Unlike most of the 
other regions under consideration in this report, Cambrian 
depositional environments in the Spring Mountains— Death 
Valley region have recently been studied by several 
geologists. Stewart (1970) was the first to study 
Cambrian paleoenvironments in the Spring Mountains— Death 
Valley region. Based on the evenness of stratification, 
the uniformity of units along sedimentary strike, and the 
presence of diagnostically marine trace and body fossils, 
Stewart (1970, p. 66) concluded that Upper Precambrian and
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Lower Cambrian strata in the southern Great Basin are 
"almost entirely, if not entirely" marine in origin. 
Stewart observed many body and trace fossils that he 
considered indicative of a shallow-water shelf setting, 
including abundant Skolithos ichnofossils and calcareous 
algae in the Lower Cambrian units. Based on the direction 
of cross-stratification dip azimuths, Stewart (1970) also 
determined that Upper Precambrian and Lower Cambrian 
detrital sediments were deposited by west-flowing currents 
directed perpendicular to inferred shorelines. He 
attributed this pattern to ebb-dominated tidal currents 
but could not determine whether Upper Precambrian and 
Lower Cambrian strata were deposited in a nearshore or an 
open-ocean environment. Stewart also suggested that the 
presence of coarse siliciclastic detritus throughout the 
southern Great Basin and of rare mud cracks strongly 
indicates nearshore settings, whereas the lithologic 
uniformity and time-conformable contacts of the Upper 
Precambrian and Lower Cambrian units in this region 
suggests an open-ocean environment.
Klein (1971) described a 2-m-thick, fining-upward 
sequence within the Upper Precambrian Lower Member of the 
Wood Canyon Formation near Mercury, Nevada (Fig. 2). In 
this sequence, he observed numerous sedimentary structures 
considered typical of intertidal deposits, including 
herringbone cross-stratification, reactivation surfaces,
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flaser bedding, and pseudonodules (i.e.; ball-and-plllow 
structures). Klein also mentioned that intertidal 
features such as runzel marks (i.e., wrinkle marks sensu 
Reineck and Singh, 1980, p. 65) and Monocraterion burrows 
are extremely abundant in the Upper Precambrian Middle 
Member of the Wood Canyon Formation. Four years later, 
Klein (1975) analyzed the latter unit more closely at five 
outcrops scattered throughout the Spring Mountains— Death 
Valley region. Among the more diagnostically intertidal 
structures that Klein observed are herringbone cross­
stratification, reactivation surfaces, flaser- and 
lenticular-bedding, Monocraterion ichnofossils, mud 
cracks, and wrinkle marks. Klein (1975) also noted that 
the Lower Cambrian Upper Member of the Wood Canyon 
Formation and the overlying Lower Cambrian Zabriskie 
Quartzite show sedimentary structures indicative of 
intertidal deposition. Recognizing that the Middle Member 
of the Wood Canyon Formation is one of many examples of 
Late Precambrian tidal deposits that have been documented 
worldwide (e.g., Klein, 1970b; Reading and Walker, 1966; 
Banks, 1970; Singh, 1969), Klein concluded that stable 
platform and miogeoclinal marine settings similar to those 
of the Upper Precambrian favor widespread development and 
preservation of tidal deposits.
Examining the Lower Cambrian Zabriskie Quartzite in 
more detail, Barnes and Klein (1975) observed numerous
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sedimentary, textural, and biogenic features suggestive of 
intertidal deposition including herringbone cross­
stratification, reactivation surfaces, flaser bedding, 
tidal bedding, mud cracks, raindrop imprints,
Monocraterion ichnofossils, Skolithos tubes, and ball-and- 
pillow structures. Based on the presence of these 
structures and their position within the vertical facies 
sequence, Barnes and Klein (1975, p. 164) inferred an 
intertidal origin for the uppermost 12 m of the Zabriskie 
and suggested that the remainder represents deposition as 
"a coalescing complex of subtidal, tide-dominated sand 
bodies'1 similar to those of the modern North Sea.
The most recent contribution to Cambrian 
paleoenvironmental study in the Spring Mountains— Death 
Valley region is that of Palmer and Hailey (1979). In 
their lithostratigraphic and biostratigraphic analysis of 
the Lower and Middle Cambrian Carrara Formation, Palmer 
and Hailey recognized a lime-mudstone, oolite, and algal- 
boundstone lithofacies within the limestone members of 
this formation. They assigned an intertidal to supratidal 
origin to the algal-boundstone facies based on the 
presence of cryptalgal laminites, stromatolites, mud 
cracks, and bird's eye vugs. Although they found few 
distinctive sedimentary structures in the oolite facies, 
Palmer and Hailey inferred a shallow-subtidal, platform- 
interior, blanket-sand origin for this facies based on (1)
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its high mud content and poor sorting, (2) its 
depositional geometry (i.e., blanket-like), (3) the 
absence of large-scale cross-bedding, and (4) the presence 
of grapestone-like grains, burrows, and cementation 
horizons (e.g., "hard grounds"). Palmer and Hailey 
inferred a shallow-subtidal, protected carbonate platform 
origin for the 1 ime-mudstone facies based primarily on the 
absence of peritidal sedimentary structures and its 
lateral inter fingering relationship with the algal- 
boundstone facies to the northwest and with terrigenous 
elastics to the southeast.
In their concluding depositional model, Palmer and 
Hailey (1979) envisioned a series of sedimentary cycles 
similar to the Grand Cycles of Aitken (1966) in the 
southern Canadian Rocky Mountains but significantly 
smaller in scale. In the Carrara Formation, each cycle is 
marked by basal terrigenous siliciclastics grading upward 
into increasingly clastic-free carbonates that are sharply 
overlain by the basal siliciclastics of the succeeding 
cycle. These carbonate units form tongues with 
diachronous bases and essentially synchronous caps that 
extend eastward and southeastward from the carbonate- 
dominated Spring Mountains--Death Valley region toward the 
siliciclastic-dominated Lake Mead and Grand Canyon 
regions.
Palmer and Hailey (1979) recognized that the peritidal 
algal-boundstone facies is primarily confined to the upper 
and more seaward portions of each limestone member and 
that the sharp upper contact of each limestone member is 
synchronous throughout the region. Based on these 
relationships, they concluded that the appearance of 
peritidal deposits in the upper and basinward portions of 
each eastward-extending limestone tongue was approximately 
contemporaneous with the rapid westward influx of 
terrigenous clastic sediments. Relative sea-level is 
thought to have been rising in general during the Early 
and Middle Cambrian, based on the progressive westward and 
basinward rise in the stratigraphic position of trilobite 
assemblage-zones relative to formational contacts (McKee, 
1945). Palmer and Hailey thus rejected the process of 
marine regression caused by sea-level lowering or basinal 
uplift as an explanation for these phenomena. They 
instead proposed that variation in the rate of either 
basin subsidence or sea-level rise led to the production 
of the Carrara grand cycles. According to Palmer and 
Hailey, the ideal Carrara grand cycle is characterized by 
(1) the development of shallow-subtidal oolite sand- 
blankets or lime muds near the rapidly subsiding shelf 
margin; (2) the gradual landward spread of these deposits 
over areas formerly blanketed by terrigenous elastics; (3) 
a decrease in either the rate of subsidence or of sea-
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level rise, such that terrigenous elastics begin spreading 
seaward contemporaneous with the onset of peritidal 
carbonate formation near the shelf margin; (4) landward 
progradation of peritidal carbonates and seaward 
progradation of terrigenous elastics eventually cover all 
former areas of subtidal carbonate production, terminating 
carbonate genesis; (5) cessation of landward progradation 
of peritidal carbonates due to the absence of carbonate 
source material in landward subtidal areas; and (6) the 
eventual capping of all former areas of peritidal 
carbonate production by the relentless seaward influx of 
terrigenous elastics.
Noting that evidence of peritidal deposition can also 
be found in the upper and more seaward portions of 
carbonate half-cycles in the southern Rocky Mountains of 
Canada and Montana, Palmer and Hailey (1979) suggested 
that all grand cycles reflect variation in either the rate 
of subsidence or sea-level rise within a miogeocline.
They concluded that their model can be used to predict 
facies distributions in other areas characterized by grand 
cycles similar to those of the Carrara Formation.
A depositional model very similar to that of Palmer 
and Hailey (1979) is employed in the present study, 
because the Pioche-Lyndon-Chisholm succession exhibits 
evidence of representing one complete and one partial 
grand cycle.
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STRATIGRAPHY
Lower and Middle Cambrian strata in the Lake Mead and 
adjoining regions consist of laterally continuous units 
composed of quartzite, sandstone, siltstone, shale, 
limestone, and dolostone. This heterogeneous sequence 
forms a westward-thickening wedge of sediment that 
generally becomes finer grained and more carbonate-rich to 
the northwest (Palmer and Hailey, 1979).
In the following discussion, Lower and Middle Cambrian 
stratigraphy is described by regions. Each region is 
characterized by its own stratigraphic nomenclature 
despite the fact that some units are mappable between 
regions. Separate stratigraphic nomenclature is justified 
between the Spring Mountains— Death Valley region and the 
Lake Mead region because Lower and Middle Cambrian 
sequences are very dissimilar lithologically in these two 
regions. Essentially coeval lithostratigraphic units can 
be recognized between each region, however, based 
primarily on trilobite assemblage-zones. Only the most 
recent, currently accepted contributions to regional 
Cambrian stratigraphy will be presented.
Spring Mountains— Death Valley Region
Lower and Middle Cambrian rocks in the Spring 
Mountains— Death Valley region are part of a thrust block 
transported tens of kilometers to the east during the
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Cretaceous Sevier orogeny (Palmer and Nelson, 1981). In 
general, Lower and Middle Cambrian strata in this region 
form a westward-thickening wedge of conglomerate, 
sandstone, siltstone, and carbonate (Stewart, 1970). In 
order of decreasing age, the Lower and Middle Cambrian 
sequence in the Spring Mountains— Death Valley region 
consists of the Lower Cambrian Upper Member of the Wood 
Canyon Formation, Lower Cambrian Zabriskie Quartzite, and 
Lower and Middle Cambrian Carrara Formation (Fig. 4). Age 
designation is based on trilobite assemblage-zones within 
the Upper Member of the Wood Canyon Formation and the 
Carrara Formation (Stewart, 1970; Palmer and Hailey,
1979). Conformably overlain by the Middle Cambrian 
Bonanza King Formation, this sequence has most recently 
been studied by Stewart (1970) and Palmer and Hailey 
(1979). In the latter study. Palmer and Hailey recognized 
a lower unnamed member and the overlying Emigrant Pass 
Member within the Zabriskie Quartzite. They also divided 
the Carrara Formation into nine lithologically distinct 
members (Fig. 4) whose descriptions appear in Appendix C.
Pioche Region 
Named after the Pioche mining district of Lincoln 
County, Nevada, where most of the region's formations were 
defined, the Pioche Region includes very similar Cambrian 
sequences exposed from the Delamar Mountains of central
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Lincoln County, Nevada, northeast to the Beaver Mountains 
of south-central Millard County, Utah (Palmer, 1971; Fig.
2). As in the Spring Mountains— Death Valley region to 
the southwest, Cambrian rocks in the Pioche region are 
part of the Sevier orogenic belt.
Cambrian strata are so similar in the Pioche and Lake 
Mead regions that numerous geologists have informally 
applied stratigraphic nomenclature derived from the Pioche 
region to Cambrian rocks in the Lake Mead region (e.g., 
Schenk and Wheeler, 1942; Wheeler, 1943, 1948; McNair, 
1951; Reber, 1952; Lochman-Balk, 1956; Tschanz and 
Pampeyan, 1961, 1970; Seager, 1966; Morgan, 1968; and Pack 
and Gayle, 1971). Unlike the autochthonous Lake Mead and 
Grand Canyon sequences, however, the base of the Cambrian 
sequence in the Pioche region is exposed only at the 
northeastern corner of the region in the Beaver Mountains 
of Millard County, Utah. At this location, the Cambrian 
sequence rests, with possible disconformity, upon older 
quartzites and siltstones (Woodward, 1968).
In order of decreasing age, the Lower and Middle 
Cambrian sequence in the Pioche region consists of the (1) 
Lower Cambrian(?) Prospect Mountain Quartzite, (2) Lower 
and Middle Cambrian Pioche Shale, (3) Middle Cambrian 
Lyndon Limestone, and (4) Middle Cambrian Chisholm Shale 
(Fig. 4). Conformably overlain by the Middle Cambrian 
Highland Peak Formation, this sequence has most recently
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been studied by C. W. Merriam (1964). In his analysis of 
the Cambrian rocks in the Pioche mining district, Merriam 
recognized six members within the Pioche Shale and three 
members in the overlying Lyndon Limestone. The 
stratigraphy of each of these units is described in 
Appendix C.
Grand Canyon Region 
The autochthonous Cambrian sandstone-shale-1imestone 
sequence of the Grand Canyon region is more-or-less 
continuously exposed in the lower walls of the Grand 
Canyon for approximately 370 km in a generally east-west 
line roughly perpendicu'ar to the trend of Cambrian facies 
belts (Fig. 2; McKee, 1945). A trip down the Colorado 
River therefore allows essentially continuous observation 
of Cambrian rocks deposited progressively further from the 
Cambrian shoreline. In order of decreasing age, the Lower 
and Middle Cambrian sequence of interest in this study 
consists of the Tapeats Sandstone and the Bright Angel 
Shale (i.e., the lower Tonto Group; Fig. 4). This 
sequence rests with angular unconformity upon Middle 
Proterozoic sediments of the Grand Canyon Series in the 
eastern Grand Canyon and with nonconformity upon Lower 
Proterozoic granite, gneiss, and schist in the western 
Grand Canyon (McKee, 1945). Conformably and gradationally
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capped by the Middle Cambrian Muav Limestone, the lower 
Tonto Group was most completely described by McKee (1945).
McKee recognized that the Tapeats Sandstone, though 
generally treatable as a single lithologic unit throughout 
the Grand Canyon, can be divided into a lower dominant, 
cliff-forming part and an upper part that is transitional 
between sandstone and shale. He also recognized two 
carbonate tongues and one shaly member within the Bright 
Angel Shale of the western Grand Canyon (Fig. 4). McKee 
(1945) observed that the carbonate tongues, namely the 
Tincanebits and Meriwitica tongues, are eastward 
extensions of the Muav lithosome into clastic sediments of 
the Bright Angel lithosome (Fig. 5). The shaly unit that 
McKee recognized in the Bright Angel Shale, the Flour Sack 
Member, lies between the Meriwitica Tongue of the Bright 
Angel Shale and the Muav Limestone (Fig. 4). Informal 
lithologic units observed by McKee (1945) in the lower two- 
thirds of the Bright Angel Shale include, in ascending 
order, the "lower slope units", "red-brown cliff unit", 
and "upper slope units". These informal units can be 
discerned throughout the western Grand Canyon.
The "red-brown cliff unit" is an especially useful and 
conspicuous marker horizon, forming a fairly prominent 
cliff near the middle of the Bright Angel Shale. This 
marker horizon can also be recognized throughout most of 
the Lake Mead region, where it forms a conspicuous,
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FIGURE 5. Generalized cross-section along an essentially 
east-west line from Frenchman Mountain, Nevada, to the 
central Grand Canyon, showing lithosomal relationships 
between Lower and Middle Cambrian strata in the Lake Mead 
and Grand Canyon regions. See Figure 2 for locations of 
stratigraphic sections.
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relatively resistant, reddish zone in the upper third of 
the Pioche Shale.
Because McKee's (1945) descriptions of the 
stratigraphy of the Grand Canyon Cambrian are the most 
complete, his work is the primary source for the 
stratigraphic summary of this sequence in Appendix C. 
Supplementary data on sedimentary structures and 
petrography of isolated beds in the Bright Angel Shale 
were obtained from Wanless (1973).
Lake Mead Region
Cambrian stratigraphy in the Lake Mead region can be 
regarded as a westward extension of that in the Grand 
Canyon region. As in the Grand Canyon, Cambrian rocks in 
the Lake Mead region are autochthonous with respect to 
Sevier overthrusting. Unlike the Grand Canyon, however, 
where Cambrian strata are largely undisturbed, Cambrian 
strata in the Lake Mead region have been disrupted by 
Tertiary normal and strike-slip faulting. According to 
Bohannon (1984), 40 to 60 km of right-slip occurred along 
the Las Vegas Valley shear zone, whereas about 65 km of 
left-slip characterized the Lake Mead fault system (Fig. 
6). The Las Vegas Valley shear zone does not appear to 
have affected Cambrian rocks in the Lake Mead region to 
any great extent. In contrast, six major faults of the 
Lake Mead fault system appear to have significantly offset
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FIGURE 6. Generalized structure map of the Lake Mead 
region showing locations of measured sections (stars), 
major thrust faults (sawteeth in upper plate), and major 
strike-slip faults. Note that many of the strike-slip 
faults are currently thought (Weber and Smith, 1986; E. I.
Smith, personal communication, 1986) to terminate in
normal faults with downthrown western blocks. B = fault 
north of Bunkerville Ridge, BR = Bitter Ridge fault, BSV =
Bitter Spring Valley fault, CC = Cabin Canyon fault, FF =
Frenchman fault, GB = Gold Butte fault, GP = Gass Peak 
thrust, HB = Hamblin Bay fault, K = Keystone thrust, LR = 
Lime Ridge fault, L W S Z  = Las Vegas Valley shear zone, and 
MM = Muddy Mountains thrust. Additionally, the Grand Wash 
Cliffs, in a very general way, mark the position of the 
Grand Wash fault, a major normal fault characterized by a 
downthrown western block. See Figure 1 for names of 
measured sections. Modified after Bohannon (1984) and 
Weber and Smith (1986).
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Cambrian rocks in this region. These are the Hamblin Bay, 
Gold Butte, Lime Ridge, Bitter Ridge, Cabin Canyon, and an 
unnamed fault north of Black Ridge (Fig. 6). According to 
Bohannon (1984), about 10 km of left-lateral, strike-slip 
movement occurred along the Gold Butte and Lime Ridge 
faults, whereas about 5 km of left-lateral, strike-slip 
occurred along the Bitter Ridge fault. The position of 
these faults and their direction and extent of 
displacement cannot be ignored in any stratigraphic study 
of the Lake Mead region because they can cause artificial 
or misleading facies trends and thickness patterns.
In general, four lithologically distinct, laterally 
extensive, Lower and Middle Cambrian formations can be 
recognized in the Lake Mead region: (1) a 70-m-thick 
(study area mean), resistant, basal sandstone or 
"quartzite" (used in this paper to indicate a silica- 
cemented, quartz-rich sandstone that fractures through 
rather than around individual framework grains) unit 
resting unconformably upon Precambrian crystalline 
basement rocks; (2) a 100-m-thick, slope-forming, shaly or 
silty unit; (3) a 26-m-thick, cliff-forming, limestone or 
dolostone unit; and (4) a 33-m-thick, recessive shaly 
unit. Although this Lower and Middle Cambrian sequence is 
an autochthonous westward extension of that found in the 
western Grand Canyon, stratigraphers have not been 
consistent in applying formation names to Cambrian strata
in the Lake Mead region. Wheeler and Kerr (1936) 
recognized the Tapeats Sandstone and Bright Angel Shale 
near Grand Wash Cliffs, but Schenk and Wheeler (1942) 
rejected these names on the basis of definition priority. 
Recognizing that Lower and Middle Cambrian rocks at this 
locality are very similar to those of the allochthonous 
Pioche region to the northwest where Lower and Middle 
Cambrian rocks had been successfully mapped as four 
lithologic units, Schenk and Wheeler (1942) rejected the 
names more recently introduced for the Cambrian sequence 
by Noble (1914, 1923) and instead applied names derived in 
the Pioche region. They proposed that the names Prospect 
Mountain Quartzite, Pioche Shale, Lyndon Limestone, and 
Chisholm Shale should be used instead of the names Tapeats 
Sandstone and Bright Angel Shale in areas such as the 
western Grand Canyon, Lake Mead, and Pioche regions where 
four mappable lithologic units can be recognized.
Although many geologists seem to have concurred with 
Schenk and Wheeler (1942) (e.g., Wheeler, 1943, 1948; 
McNair, 1951; Reber, 1952; Lochman-Balk, 1956; Tschanz and 
Pampeyan, 1961; Longwell et al., 1965; Seager, 1966; 
Morgan, 1968; and Pack and Gayle, 1971), some have 
objected to the application of Pioche region nomenclature 
to rocks essentially identical to those found in the Grand 
Canyon (e.g., Stewart, 1970; Palmer and Hailey, 1979; and 
Palmer and Nelson, 1981). The primary source of
contention seems to involve the basal sandstone unit. 
Stewart (1970) suggested that the name Prospect Mountain 
Quartzite is inappropriate for this unit in the Lake Mead 
region because the Prospect Mountain Quartzite lacks an 
exposed base at its type locality and rests on older 
Precambrian quartzite at the only locality the formational 
base is exposed (i.e., the Beaver Mountains of western 
Utah; Woodward, 1968). Additionally, the Prospect 
Mountain exceeds 450 m in thickness throughout its area of 
recognition compared to the 70 m mean thickness of the 
basal sandstone in the Lake Mead region. Conversely, the 
Tapeats Sandstone of the western Grand Canyon region not 
only has the same general thickness as the basal sandstone 
unit in the Lake Mead region, it also shares the same non- 
conformable contact relationship with the underlying 
Precambrian granite, gneiss, and schist. Stewart (1970) 
thus preferred to refer to the basal sandstone unit of the 
Lake Mead region as the Tapeats Sandstone. Because 
Stewart's arguments seem to agree with Article 2.6 of the 
International Code of Stratigraphic Nomenclature (Hedberg, 
1976) regarding the extent of 1 ithostratigraphic units, 
the name Tapeats Sandstone is used in this study as well.
For the overlying Lower and Middle Cambrian units, 
however, the three-fold division of Schenk and Wheeler 
(1942) seems most appropriate, because the rock sequence 
between the Tapeats Sandstone and the massive limestone
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cliffs of the Muav-Bonanza King-Highland Peak equivalent 
is clearly divisible into three regionally mappable rock- 
stratigraphic units. These formations have been 
successfully mapped by Seager (1966) in the Virgin 
Mountains and Morgan (1968) in the South Virgin 
Mountains. In this report, therefore, the names Pioche 
Shale, Lyndon Limestone, and Chisholm Shale are adopted.
The following descriptions are the combined results of 
this study and previously published paleontologic work in 
the area.
Tapeats Sandstone.— The oldest of four Lower to Middle 
Cambrian formations studied was the Tapeats Sandstone.
This unit rests nonconformably upon Proterozoic (L. T. 
Silver in Stewart, 1980, p. 12) granite, gneiss, and 
schist and is gradationally overlain by the Pioche Shale 
(Pig. 4). Throughout the Lake Mead region, the 
Proterozoic surface upon which the Tapeats was deposited 
is remarkably even with less than 1 m of relief observed. 
However, this observation does not preclude the existence 
of broad, low, Proterozoic monadnocks in the Lake Mead 
region. McKee (1945) observed numerous such features in 
the western Grand Canyon where topographic relief of these 
dome-shaped hills averages 5 to 6 m but sometimes exceeds 
30 m. Such structures may well account for the apparent
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lack of a predictable thickness trend in the Tapeats of 
the Lake Head region.
The Tapeats ranges from 38 m thick at Sheep Mountain 
to 177 m thick at Davidson Peak (Table 1). An overall 
northward-thickening trend is discernible, because the 
Tapeats is considerably thicker at Whitney Ridge, Nickel 
Creek, and Davidson Peak than at sections further south in 
the Lake Head region.
Lithology.— In the Lake Mead region, the Tapeats Sandstone 
typically consists of a pale red (10R6/2), very pale 
orange (10YR8/2), or moderate brown (5YR4/4) weathering, 
medium to thickly bedded, medium- to coarse-grained, 
vitreous orthoquartzite forming moderately resistant 
cliffs beneath the slope-forming Pioche Shale (Fig. 3).
In general, three distinct lithologic zones can be 
recognized in the Tapeats Sandstone of the Lake Mead 
region (Fig. 7): a basal conglomeratic or friable, 
reddish, subarkosic zone; a dominant, resistant, 
quartzitic zone; and a thin, recessive, upper zone of 
interbedded mudstones, siltstones, and sandstones 
transitional into the overlying Pioche Shale (hereafter 
referred to as the "transition zone"). Although very pale 
orange (10YR8/2) to moderate brown (5YR4/4) colors are 
typical of freshly broken surfaces in the dominant 
quartzitic zone, grayish orange pink (10YR8/2) to blackish
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TABLE 1
Comparative Thicknesses of Cambrian Units 
in the Lake Mead Region (in m)
SECTION Tapeats Pioche Lyndon Chisholm TOTAL
DBR 46 .05 108.21 21.44 34.50 210.20
DC 53.45 88.62 27.91 16.18 186.16
GW 59 .10 55.93 40.93 15. 84 171.80
TR 44.91 100.28 31.38 24 .18 200 . 75
WR 90.40 113.50 28.62 29.40 261.92
NC 73.75 83.73 23.01 39 .90 220.39
DP 176 .92 63.19 14.00 85. 50 339.61
FM 48 . 19 127.57 29 .95 25.43 231.14
SM 37.57 160.12 20.20 24.50 242.39
Mean 70 . 04 100.13 26 .38 32 . 82 229.37
EXPLANATION
DBR = Diamond Bar Ranch WR = Whitney Ridge
DC = Devil’s Cove NC = Nickel Creek
GW = Garden Wash DP = Davidson Peak
TR = Tramp Ridge FM = Frenchman Mountain
SM = Sheep Mountain
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FIGURE 7. Regional stratigraphy of Lower and Middle 
Cambrian strata in the Lake Mead region (plotted as a 
modified fence diagram on an isometric base). The numbers 
in parentheses are faunal collections keyed to Appendix 
D. Solid lines indicate 1ithostratigraphic correlation at 
the formational level; dashed lines indicate sub- 
formational lithostratigraphic correlations.
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red (5R2/2) colors and pale olive (10Y5/2) to grayish 
olive (10Y4/2) hues are common in the basal and transition 
zones, respectively. Weathered colors range from very 
pale orange (10YR8/2) to dusky brown (5YR2/2) and black 
(Nl) in the dominant quartzitic zone, but are pale red 
(10R6/2) to blackish red (5R2/2) in the basal zone (where 
friable and subarkosic) and yellowish gray (5Y8/1) to 
light olive gray (5Y5/2) in the transition zone. Tapeats 
Sandstone colors thus typically show an upward progression 
from red to yellow-red to yellow hues (sensu Goddard et 
al., 1948).
Bedding thicknesses in the dominant quartzitic zone 
vary from medium to very thick (sensu Campbell, 1967) but 
are often very thin to thin in the basal zone (where 
friable and subarkosic) and in the transition zone. 
Similarly, induration degree is high in the dominant 
quartzitic zone but low in the basal (where subarkosic) 
and transition zones.
Grain size varies from silt to medium-pebble gravel in 
the dominant quartzitic zone but averages medium to coarse 
sand-sized. Finer size classes are confined to thin, 
recessive partings in the quartzitic zone, where very 
coarse sands to very fine pebble gravels occur as thin 
quartzitic bands. Clay to very fine sand-sized grains are 
common in the transition zone, whereas very coarse sands 
to medium-pebble gravels are common in the basal zone
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where it is conglomeratic. The Tapeats Sandstone of the 
Lake Mead region is thus characterized by an overall 
upward fining in grain size.
Although a few poorly sorted sands are found in the 
basal zone, especially where it is conglomeratic, the 
Tapeats Sandstone is primarily moderately to well sorted. 
Grain shape varies from subangular to well rounded but is 
usually subrounded to rounded. The Tapeats is thus 
primarily texturally supermature (sensu Folk, 1980), 
although many sandstones are texturally inverted in the 
transition zone. This textural inversion is almost 
certainly attributable to biologic reworking, as trace 
fossils (particularly Skolithos), biogenic cleavage, and 
bioturbation are common at this horizon.
Compositionally, the Tapeats is nearly always mature 
in the sense that silica minerals comprise more than 50% 
of the framework grains; quartz grains comprise 80 to 99% 
of the rock (n = 50; where n is the number of thin 
sections examined). Of these quartz grains, 60 to 100% 
are monocrystalline, while an average of 7% are 
polycrystalline. Of the other silica minerals, chert 
comprises less than 1% of all grains while red jasper 
accounts for an even smaller amount. Feldspar, 
particularly potassium feldspar, accounts for 0 to 15% of 
all grains but averages less than 3%. Accessory minerals-- 
primarily muscovite and biotite but also including traces
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of zircon, rutile, and glauconite— account for less than 
0.4% of all grains. Ooids are very rare constituents and 
were observed in only one sandstone bed near the top of 
the Tapeats Sandstone at Davidson Peak (Fig. 1). The 
Tapeats is thus a quartzarenite with subordinate horizons 
of subarkose and rare arkose (sensu Folk, 1980, p. 127) 
near the base of the formation.
Almost all quartz grains show well-developed quartz 
overgrowths in optical continuity with the host grain 
(Fig. 8). These overgrowths are not rounded, suggesting 
that the quartz grains of the Tapeats Sandstone were not 
derived from pre-existing sedimentary rocks (i.e., they 
are "first cycle" sand grains). Silica cement occludes 
nearly 70% of the original pore space, whereas hematite 
and clay minerals plus rare calcite occludes the remaining 
pore space. Hematite not only produces the reddish color 
of the basal zone where it is friable and subarkosic, it 
is also responsible for the peculiar spotted quartzites 
observed at many localities.
Where hematite and clay minerals are present, they 
commonly rim quartz overgrowths, suggesting that silica 
cementation preceded the introduction of hematite and clay 
during diagenesis (Fig. 8). Calcite cementation appears 
to have occurred last, because calcite is found in the 
cores of hematite-lined pores. Furthermore, the tightly 
packed fabric of host grains in the Tapeats Sandstone
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FIGURE 8. Photomicrograph of a representative portion of 
the Tapeats Sandstone in plane polarized light, showing 
rounded quartz grains with well-developed, unrounded 
quartz overgrowths rimmed by hematite. The diameter of 
quartz grains in this rock averages 0.3 mm.
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suggests that quartz overgrowths grew in response to 
pressure solution. Thus, the diagenesis of Tapeats sands 
seems to have progressed in the following stages: (1) 
sands of quartz and minor feldspar were buried deeply 
enough to initiate pressure solution of quartz grains and 
the growth of quartz overgrowths; (2) these quartz 
overgrowths occluded most of the original post-compaction 
porosity of the rock and formed an interlocking mosaic of 
silica-cemented grains; (3) hematite and clay minerals 
filled most of the remaining pores, forming the spotted 
quartzites often observed; and (4) sparry calcite locally 
filled remaining pore space.
Age.— The age of the Tapeats Sandstone in the Lake Mead 
region is based on the lowest stratigraphic occurrence of 
olenellid trilobites in the gradationally overlying Pioche 
Shale. The only body fossils ever reported from the 
Tapeats Sandstone were unidentifiable trilobite fragments 
and an articulate brachiopod specimen (i.e., Billingsella 
coloradoensis) discovered by Hewett (1931) in the basal 1 
m of the Tapeats at Sheep Mountain. Because the lowest 
stratigraphic occurrence of olenellid trilobites lies 
about 9 m above the top contact of the Tapeats at 
Frenchman Mountain (Pack and Gayle, 1971) and about 1 m 
above the same contact at the Grand Wash Cliffs (Resser, 
1945), the Tapeats Sandstone is provisionally assigned to
the Lower Cambrian throughout the Lake Mead region. The 
presence of trilobite fragments at the base of the Tapeats 
at Sheep Mountain (Hewett, 1931) supports this age 
designation.
The reported presence of articulate brachiopods of the 
genus Billingsella near the base of the Tapeats Sandstone 
at Sheep Mountain (Hewett, 1931; Appendix D; Fig. 7) is 
problematical. According to Williams and Wright (1965), 
Billingsella first appeared in the Middle Cambrian. 
Additionally, Edwin Kirk (in Hewett, 1931) determined that 
the Billingsella specimen collected by Hewett (1931) was a 
Late Cambrian form. However, Stephen M. Rowland (personal 
communication, 1986) of the University of Nevada, Las 
Vegas, has recently collected olenellid trilobites within 
the basal portion of the overlying Pioche Shale. It thus 
appears that Hewett (1931) mislocated the stratigraphic 
position of his Billingsella collection. An Early, 
Cambrian age for the Tapeats at Sheep Mountain and 
throughout the Lake Mead region thus seems warranted.
Correlation.— The Tapeats Sandstone of the Lake Mead 
region is therefore coeval with (1) the Upper Member of 
the Wood Canyon Formation, the Zabriskie Quartzite, and 
the Eagle Mountain Shale, Thimble Limestone, Echo Shale, 
and Gold Ace Limestone members of the Carrara Formation in 
the Spring Mountains— Death Valley region; (2) the upper
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part of the Prospect Mountain Quartzite and the D-shale 
and Combined Metals members of the Pioche Shale in the 
Pioche mining district; and (3) the Tapeats Sandstone in 
the western Grand Canyon (Fig. 4).
Pioche Shale.--The dominantly slope-forming Pioche Shale 
gradationally overlies the Lower Cambrian Tapeats 
Sandstone and is gradationally overlain by the Middle 
Cambrian Lyndon Limestone. In accordance with the 
practices of Noble (1923) and McKee (1945) in the Grand 
Canyon and of Merriam (1964) in the Pioche mining 
district, the lower contact of this recessive, shaly to 
silty formation was placed atop the highest bed of medium- 
to coarse-grained, cross-stratified, non-glauconitic, 
medium- to thick-bedded quartzite within the Tapeats- 
Pioche transition zone. At many localities in the Lake 
Mead region, however (e.g., Diamond Bar Ranch, Garden 
Wash, Whitney Ridge, and Sheep Mountain), this method of 
establishing the Tapeats-Pioche contact seems highly 
inconsistent due to extensive biogenic reworking of 
sands. The bioturbation of sediment near this contact was 
often severe enough to create a peculiar biogenic cleavage 
in many sandstones (Fig. 9). Such severe reworking can 
obliterate all evidence of former cross-stratification, 
such that one cannot, with a reasonable degree of 
certainty, determine where the original boundary lay based
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FIGURE 9. Bioturbated appearance typical of sandstone 
beds in the transition zone of the uppermost Tapeats 
Sandstone. This particular bed exhibits biogenic 
cleavage. Hammer tip points to one of many Skolithos 
ichnofossils present in this photograph. Scale is in 
centimeters (left edge) and inches (right edge).
on the above definition. Contact placement is thus 
dependent on the somewhat fortuitous activity of burrowing 
organisms and not on lithology. A much less arbitrary and 
more consistent method of defining this contact would be 
to place it at the base of the first shaly beds of obvious 
Pioche Shale character (i.e., at the base of the 
transition zone). Although such a method would allow a 
more reliable and meaningful estimate of thickness 
variation for both the Tapeats and the Pioche formations 
throughout the Lake Mead region, it violates the boundary 
suggestions (Article 5) of the American Code of 
Stratigraphic Nomenclature (Moore, 1961). Stewart (1970) 
employed a similar method to define the gradational 
Zabriskie-Carrara contact in the Spring Mountains— Death 
Valley region. In the interest of conforming to the 
methods applied by stratigraphers in the Grand Canyon and 
Pioche regions and in accordance with the American 
stratigraphic code, Stewart's method was not followed in 
the present study.
The upper contact of the Pioche Shale was placed atop 
the highest stratigraphic occurrence of green mudrock 
beneath the cliff-forming Lyndon Limestone. Unlike the 
Pioche mining district where the contact is sharp and 
possibly disconformable (Merriam, 1964), the Pioche-Lyndon 
contact is gradational throughout the Lake Mead region. 
Palmer and Hailey (1979) observed a similar contact
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relationship between coeval units in the Spring Mountains-- 
Death Valley region.
The thickness of the Pioche Shale ranges from 56 m at 
Garden Wash to 160 m at Sheep Mountain and averages 100 m 
in the study area (Table 1). As with the underlying 
Tapeats Sandstone, however, no clearly defined regional 
thickness trends are discernible other than a general, 
although inconsistent, northward thinning and a possible 
westward thickening (Fig. 7).
Lithology.--In the Lake Mead region, the Pioche Shale 
primarily consists of green or red, bioturbated mudshale 
to siltstone interbedded with thin, often cross­
stratified, lenticular- to tabular-shaped beds of 
glauconitic sandstone. Near the base of the formation are 
extensively bioturbated, medium- to coarse-grained 
sandstones lithologically indistinguishable from many 
similar sandstones in the transition zone of the uppermost 
Tapeats. Ubiquitously characterized by Skolithos tubes, 
many of these bioturbated sandstones exhibit biogenic 
cleavage (sensu Seilacher, 1967; Fig. 9). Sedimentary 
structures and lithofacies of the Pioche Shale are 
discussed in the paleoenvironmental analysis section of 
this paper.
The Pioche Shale is divisible Into three principal 
zones: (1) a lower, slope-forming, shaly zone; (2) a
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fairly prominent, cl iff-forming sandstone; and (3) an 
upper, slope-forming, shaly zone (Fig. 7). Very similar 
in lithologic character, the two shaly zones comprise the 
bulk of the Pioche Shale in the Lake Mead region and 
consist of lenticular- to wavy-bedded (sensu Reineck and 
Wunderlich, 1968) units of intercalated mudshale, 
mudstone, siltshale, siltstone, and fine-grained 
sandstone. Sandstone beds in these shaly zones (generally 
20 cm thick) range from laterally extensive and tabular to 
laterally discontinuous and lenticular. Sandstone beds 
are typically cross-stratified, but some are parallel- 
laminated and others are non-laminated owing to reworking 
by burrowing organisms (especially those that produced 
Skolithos tubes and Planolites burrows). Thin (< 6 cm), 
laterally discontinuous sandstones are cross-laminated 
(sensu Tucker, 1982), whereas thicker (> 6 cm), laterally 
extensive sandstone beds are often cross-bedded (sensu 
Tucker, 1982). Bedding thickness (sensu Campbell, 1967) 
varies from very thin (< 3 cm) in mudstones and siltstones 
to medium (10 to 30 cm) and thick (30 to 100 cm) in 
sandstones. Most sandstones are well indurated in the 
shaly, slope-forming zones of the Pioche Shale, but a few 
are poorly indurated, especially near the Pioche-Lyndon 
contact. Light olive gray (5Y5/2) to yellowish gray 
(5Y7/2) freshly broken rock colors are most typical of the 
sandstones in the shaly intervals, whereas pale olive
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(10Y6/2) to grayish olive (10Y4/2) fresh colors are 
characteristic of the mudstones and siltstones of these 
zones. The shaly zone sandstones typically weather 
moderate brown (5YR3/4-5YR4/4).
Texturally, the sandstones in the slope-forming shaly 
units range from very fine- to coarse-grained but are 
primarily very fine- to fine-grained. In most sandstones, 
framework grains are subrounded, although many grains are 
rounded and a few are well rounded. Sorting ranges from 
moderate to very well; most sandstones are very well 
sorted.
Compos itionally, these sandstones average 95% quartz, 
1% feldspar, 3% glauconite, and 1% muscovite (n = 33). 
Biotite grains occur locally, but never exceed 2% of the 
rock. Skeletal fragments also account for significant 
portions of the rock in many sandstone beds of the Pioche 
Shale and are so abundant locally that a "skeletal hash" 
results. These fragments are primarily of trilobites, but 
echinoderm, brachiopod, and hyolithoid fragments also 
occur. Ooids are a very rare framework grain in the 
Pioche Shale, where they were only observed in the 
Davidson Peak section.
As in the Tapeats Sandstone, silica cement in the form 
of well-developed quartz overgrowths accounts for more 
than half of the occluded pore space in the shaly zone 
sandstones. Over 70% of these sandstones are texturally
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mature or supermature and all are compositionally mature. 
Near the base of the Pioche Shale, many sandstone beds are 
texturally inverted due to reworking by burrowing 
organisms such as those that produced Skolithos tubes. 
These sands were almost certainly mature or supermature 
texturally prior to biogenic reworking.
Although the Pioche Shale is primarily recessive in 
morphologic character, a fairly prominent, reddish, cliff- 
forming unit often occurs in the upper half of the 
formation (Figs. 7 & 10). Recognized over an area of 
about 15,000 square km throughout the western Grand Canyon 
(McKee, 1945) and in all but extreme northern areas of the 
Lake Mead region, this distinctive unit is herein 
designated as the Diamond Bar Sandstone Member of the 
Pioche Shale. The type section of this member lies about 
1 km northeast of Diamond Bar Ranch in the Grapevine 
Canyon, Arizona, 7.5' topographic quadrangle (E 1/2, W 
1/2, Sec. 22, T29N, R16W; Fig. 1). The Diamond Bar 
Sandstone is typically pale red (5R6/2) to grayish red 
(5R4/2) on freshly broken surfaces and pale red to 
blackish red (5R2/2) on weathered surfaces. Bedding 
thicknesses range from very thin to thick but are 
primarily thin. Characteristically flaggy, many beds 
exhibit primary current lineations or ripple cross­
laminae. Although most beds are only moderately well 
indurated, some are friable and many are well indurated.
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FIGURE 10. Typical exposure of the Diamond Bar Sandstone 
Member of the Pioche Shale. A 20-cm-long scale appears at 
right-center just inside the shadows.
67
Grain size straddles the silt and very fine sand boundary 
and grain shape is subangular to rounded.
Consisting of 92 to 96% quartz, 1 to 2% feldspar, 1 to
7% glauconite, and 0 to 3% muscovite grains in a well-
sorted, silica-cemented rock where hematite never exceeds
3% of the rock (n = 7), the Diamond Bar Sandstone is a
compositionally mature, texturally mature to supermature, 
glauconitic quartzarenite. Thickness of the member ranges 
from 5 to 20 m and averages 12 m in the Lake Mead region. 
The unit appears to pinch out toward the north in the Lake 
Mead region and toward the east in the Grand Canyon region 
(McKee, 1945) because the member is missing north of 
Whitney Ridge and east of Toroweap in western Grand Canyon 
(McKee, 1945).
The Diamond Bar Sandstone is lithostratigraphically 
constrained between a lower gradational contact with 
underlying interbedded green shale, siltstone, and brown 
sandstone and an upper sharp contact with overlying 
greenish or reddish shaly beds that are very similar to 
those immediately underlying the member. The lower 
contact was chosen at the highest stratigraphic occurrence 
of greenish or reddish mudrock, whereas the upper contact 
was placed at the highest occurrence of reddish, very fine- 
to fine-grained sandstone characteristic of the Diamond 
Bar Sandstone.
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Biostratigraphic control is relatively poor, although 
early Middle Cambrian trilobites of the Albertella zone 
have been observed in the shaly beds immediately overlying 
the Diamond Bar Sandstone at the Grand Wash Cliffs (Schenk 
and Wheeler, 1942) and at Frenchman Mountain (Pack and 
Gayle, 1971). The closest fossiliferous beds (an 
olenellid trilobite horizon), lie 40 m beneath the member 
at Frenchman Mountain (Pack and Gayle, 1971) and 80 m 
beneath it at the Grand Wash Cliffs (Schenk and Wheeler, 
1942). The Diamond Bar Sandstone Member may therefore be 
late Early Cambrian or early Middle Cambrian in age and is 
very likely time transgressive. It is more probably early 
Middle Cambrian, however, because trilobites of the 
Albertella zone are much nearer stratigraphically than 
those of the olenellid zone throughout the area of its 
recognition.
According to Palmer and Hailey (1979), lithologic 
equivalents of the Diamond Bar Sandstone lie within the 
Pahrump Hills Shale Member of the Carrara Formation in the 
Spring Mountains— Death Valley region and the A-shale 
Member of the Pioche Shale in the Pioche mining district. 
In the Grand Canyon region, lithologic correlatives 
include silty portions of the "red-brown beds" of McKee 
(1945) and the upper 1/3 of the "flaser-bedded sandstones" 
of Wanless (1973).
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Age and Correlation.— Age designation of the Pioche Shale 
in the Lake Mead region is based on the paleontologic work 
of Schenk and Wheeler (1942), Wheeler (1943), Resser 
(1945), and Pack and Gayle (1971) (Appendix D; Fig. 7).
At the Grand Wash Cliffs, the eastern boundary of the Lake 
Mead region, olenellid trilobites have been collected 1 to 
4 m above the base of the Pioche Shale, whereas Albertella 
trilobites were discovered 9 m from the top of the 
formation (Schenk and Wheeler, 1942; Resser, 1945). Near 
Davidson Peak (Fig. 1) at the extreme northern edge of the 
Lake Mead region, Wheeler (1943) discovered trilobites of 
the Albertella zone about 12 m from the top of the Pioche 
Shale. Near the western boundary of the Lake Mead region 
at Frenchman Mountain (Fig. 1), Pack and Gayle (1971) 
collected olenellid trilobites about 9 m above the base of 
the Pioche Shale and Albertella trilobites within the 
upper 17 m of the formation. The Pioche Shale is 
therefore assigned a late Early Cambrian to early Middle 
Cambrian age throughout the Lake Mead region. Essentially 
coeval rock-stratigraphic units thus include the (1) 
Pyramid Shale, Red Pass Limestone, and Pahrump Hills Shale 
members of the Carrara Formation in the Spring Mountains—  
Death Valley region (Palmer and Hailey, 1979); (2) C- 
shale, Susan Duster Limestone, B-shale, and A-shale 
members of the Pioche Shale in the Pioche mining district 
(Merriam, 1964); and (3) that portion of the Bright Angel
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Shale that lies beneath the Tincanebits Tongue in the 
western Grand Canyon (McKee, 1945; Fig. 4). The Pioche 
Shale as defined in this report is equivalent to the 
lower, shaly member of the Bright Angel Shale as described 
by Palmer and Nelson (1981) at Frenchman Mountain.
Lyndon Limestone.— Gradationally overlying the dominantly 
slope-forming Pioche Shale and sharply overlain by the 
recessive Chisholm Shale, the Lyndon Limestone forms a 
conspicuous orange or gray cliff throughout the Lake Mead 
region. Because the Pioche-Lyndon contact is gradational, 
the base of the Lyndon was arbitrarily placed at the 
highest stratigraphic occurrence of greenish mudrock of 
obvious Pioche Shale character. Thus defined, the contact 
more-or-less corresponds to the base of the carbonate 
cliff. The Lyndon-Chisholm contact is much easier to 
distinguish due to the abrupt change from carbonate to 
shale.
Lithology.— The Lyndon Limestone of the Lake Mead region 
typically consists of light brown (5YR5/6) or light gray 
(N7) weathering, medium to thickly bedded, very well 
indurated, limestone or dolostone. Petrographic study 
indicates that most of the Lyndon in the study area is 
characterized either by (1) partial dolomitization, 
whereby some of the original calcite was replaced by
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dolomite, (2) partial to complete aggrading 
recrystallization, whereby at least some of the original 
microcrystalline calcite recrystallized to pseudospar 
(sensu Folk, 1965), or (3) both processes. These 
processes not only account for the typical "structureless" 
appearance of the rock in the field, they very effectively 
mask the petrographic characteristics of the rock such 
that its constituents are difficult to identify even in 
thin-section. Consequently, the field geologist is often 
reduced to describing the rock based solely on its 
reactivity with 10% HC1 and on the size of the crystals 
formed by recrystallization or replacement.
Calcilutites, calcarenites, and calcareous sandstones 
are always recognizable in the field as are cross-bedded 
oolitic or peloidal gralnstones, cryptalgal laminites, and 
algal boundstones. Calcilutites, calcarenites, and 
calcareous sandstones (sensu Folk, 1980, p. 164) are 
characteristically found at the base of the formation. In 
southeastern portions of the Lake Mead region, these rock 
types also comprise parts of the intervening recessive 
unit between the Tincanebits and Meriwitica tongues of 
McKee (1945). Although oolitic or peloidal grainstones 
are commonly found at the base of the Lyndon Limestone, 
they are also present at the very top of the unit where 
they form a very distinctive, moderate yellowish brown 
(10YR5/4) horizon less than 1 m thick. At Frenchman
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Mountain, the middle of the Lyndon Limestone is comprised 
of cryptalgal laminites and algal boundstones with bird's 
eye structures. Elsewhere in the section, and often in 
the middle of the unit as well, the Lyndon consists of 
apparently structureless to peloidal or oolitic, partially 
to completely recrystallized limestone or dolostone.
The Lyndon Limestone is thus divisible into two 
principal zones of differing lithologic character: (1) a 
thin basal zone of cross-bedded grainstone or calcareous 
sandstone, and (2) a thick upper zone ubiquitously 
characterized by recrystallized and dolomitized limestone 
of enigmatic texture, but sometimes consisting of 
recessive calcarenite in the southeastern corner of the 
Lake Mead region and cliff-forming algal boundstone at 
Frenchman Mountain.
Varying from about 1 to 10 m thick, the thin basal 
zone weathers very light brown (5YR7/4) to moderate brown 
(5YR4/4) or light gray (N7) and shows very similar colors 
on freshly broken surfaces. Where most grains are 
siliciclastic (e.g., in calcarenites and calcareous 
sandstones), the basal zone is commonly thinly bedded and 
poorly to moderately indurated. Where most grains are 
carbonate (e.g., in oolitic and peloidal grainstones), 
however, the basal zone is typically medium to thickly 
bedded and very well indurated. Framework grains vary in 
size from silt to very fine sand in the quartz-rich
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terrigenous rocks of the basal zone but are medium sand in 
the grainstones of this zone.
Primarily subrounded in shape, the framework grains of 
calcarenites and calcareous sandstones range from 20 to 
85% quartz and 1 to 10% glauconite. Muscovite and 
feldspar grains are only rarely present and they never 
comprise more than 5% of the rock. Very fine sand-sized 
ankerite crystals often account for 30% of the rock. Many 
of these crystals are distinctly zoned, presumably due to 
precipitation in pore waters of slightly fluctuating iron- 
content .
The thick upper zone overlies the relatively thin 
basal zone and forms the great majority of the Lyndon 
Limestone. Although recrystallized and dolomitized 
limestone characterizes this zone throughout the Lake Mead 
region, recessive calcarenites and calcareous sandstones 
occur at this horizon in southeastern portions of the 
region. Near the western boundary of the study area at 
Frenchman Mountain, recrystallized and dolomitized 
limestone is associated with cryptalgal laminite and algal 
boundstone.
The slope-forming calcarenites and associated 
calcilutites, calcareous siltstones, and calcareous 
sandstones are virtually identical to those of the basal 
zone and will not be further discussed. Remaining parts 
of the dominant upper zone of the Lyndon are significantly
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different than those of the basal zone. Bedding is much 
thicker in the upper zone, averaging medium to very 
thick. Ubiquitously well to very well indurated, rocks of 
the upper zone range from very pale orange (10YR8/2) to 
moderate brown (5YR4/4) or dark gray (N3) to very light 
gray (N8) on freshly broken surfaces. Weathered surfaces 
are slightly lighter in color, ranging from grayish orange 
(10YR7/4) to pale brown (5YR5/2) or light gray (N7) to 
medium dark gray (N4). Orange color in these rocks 
apparently arises from the secondary introduction of iron- 
oxides and closely associated ferroan dolomites.
Secondary crystals of dolomite and pseudospar are commonly 
medium to coarsely crystalline (sensu Polk, 1980), but 
many dolomite crystals are only finely crystalline. These 
smaller dolomite crystals are often closely associated 
with micrite, suggesting that the finer crystal-size is 
attributable to the dolomitization of micrite. Silt-sized 
quartz and glauconite grains are rare in the upper zone 
and never account for more than 1% of rock volume.
Primary sedimentary structures observed in the 
dominant upper zone include burrow mottling, Skolithos 
burrows, bird's eye fenestrae, cryptalgal laminites, 
oncoids, and rare thrombolites. These and other 
sedimentary structures are discussed in the 
paleoenvironmental analysis.
75
Thickness.— Ranging in thickness from 14 m at Davidson 
Peak to 41 m at Garden Wash (Table 1), the Lyndon 
Limestone averages 26 m thick. The unit appears to thin 
both north and south of a central maximum in the Lake Mead 
region (Fig. 7). Although east-west variations in 
thickness are not apparent within the study area, Palmer 
and Hailey (1979) showed that the westward correlative of 
the Lyndon Limestone, the Jangle Limestone Member, 
thickens northwestward to over 120 m. Wheeler (1943) 
observed that the Lyndon Limestone thickens from 31 m near 
Delamar, Nevada, to 105 m near Pioche, Nevada. In the 
Grand Canyon region, McKee (1945) noted that the eastward 
correlatives of the Lyndon, the Tincanebits and Meriwitica 
tongues of the Bright Angel Shale, pinch out before they 
reach the central Grand Canyon. Therefore, when 
surrounding regions are considered, the Lyndon Limestone 
and its lithologic equivalents show a northward and 
northwestward thickening and a southeastward to eastward 
thinning trend.
Age.--Age assignment of the Lyndon Limestone in the Lake 
Mead region is based on the paleontologic work of Schenk 
and Wheeler (1942) and Resser (1945) at the Grand Wash 
Cliffs, Wheeler (1943) at Davidson Peak, and Pack and 
Gayle (1971) at Frenchman Mountain (Appendix D; Fig. 7).
At the Grand Wash Cliffs, the eastern boundary of the
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study area, Schenk and Wheeler (1942) observed trilobite 
specimens of the Albertella zone 9 m beneath the base of 
the Lyndon Limestone and trilobites of the Glossopleura 
zone throughout the fossiliferous Chisholm Shale. In the 
western Grand Canyon, McKee (1945) collected, and Resser 
(1945) identified, numerous trilobites of the Glossopleura 
zone at the top of the Lyndon-equivalent and throughout 
the Chisholm-equivalent (i.e., the Meriwitica Tongue and 
the Flour Sack Member of the Bright Angel Shale, 
respectively; McKee, 1945). Near Davidson Peak at the 
extreme northern edge of the study area, Wheeler (1943) 
observed trilobite specimens of the Albertella assemblage- 
zone 12 m beneath the base of the Lyndon Limestone and 
Glossopleura zone trilobites 40 m above the top of the 
formation. Near the western boundary of the Lake Mead 
region at Frenchman Mountain, Pack and Gayle (1971) 
observed trilobites of the Albertella and Glossopleura 
assemblage-zones at stratigraphic horizons essentially 
identical to those observed at Davidson Peak. The Lyndon 
Limestone therefore appears to be of early Middle Cambrian 
age throughout the Lake Mead region.
Correlation.--Lithologic equivalents of the Lyndon 
Limestone of the Lake Mead region include the (1) Jangle 
Limestone Member of the Carrara Formation in the Spring 
Mountains— Death Valley region (Palmer and Hailey, 1979);
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(2) Lyndon Limestone of the Pioche mining district 
(Merriam, 1964); and (3) Tincanebits and Meriwitica 
tongues and intervening shaly beds of the Bright Angel 
Shale in the Grand Canyon region (McKee, 1945; Fig. 4).
As McKee (1945) observed, these two tongues of rusty-brown 
dolostone merge westward into one cliff-forming limestone 
in the Virgin Mountains. The present study indicates that 
the Tincanebits and Meriwitica tongues coalesce somewhere 
between the Devil's Cove and Garden Wash sections (Figs. 5 
& 7) as a result of the northwestward pinching-out of the 
intervening, recessive, calcareous sandstones.
Chisholm Shale.— Sharply overlying the cliff-forming 
Lyndon Limestone and gradationally overlain by the 
resistant Muav Limestone, the recessive Chisholm Shale is 
the youngest formation examined. Although the lower 
contact of the Chisholm is easily discernible due to the 
abrupt transition of carbonate to shale, the Chisholm-Muav 
contact is very poorly exposed in most places and is thus 
difficult to define. Where reasonably well exposed, 
however, the Chisholm-Muav contact is always gradational 
and was arbitrarily placed at the top of the uppermost 
green shaly bed. Defined in this manner, the contact 
closely coincides with the base of the cliff formed by the 
massive carbonate beds of the Muav Limestone.
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Lithology.— Rock types within the Chisholm Shale of the 
Lake Mead region include clayshale, mudshale, bioclastic 
packstone, glauconitic wackestone, fossiliferous oncolitic 
packstone, fossiliferous flat-pebble limestone 
conglomerate, and glauconitic calcarenite. Clayshale and 
mudshale with minor (5 to 20%) thin lenses of glauconitic, 
very fine calcarenite or bioclastic packstone account for 
more than 85% of the Chisholm Shale throughout the Lake 
Mead region (Fig. 7). The dominant clayshale is typically 
dark grayish red (5R3/2), brownish gray (5YR4/1), grayish 
olive (10Y4/2), or pale olive (10Y6/2), with greenish hues 
accounting for most shaly units.
The subordinate thin lenses of bioclastic packstone 
and glauconitic calcarenite, rarely more than 3 cm thick 
and 30 cm long, account for 5 to 20% of the shaly zones. 
These lenses are usually grayish orange (10YR7/4) on 
freshly broken surfaces and grayish orange to moderate 
yellowish brown (10YR5/4) on weathered surfaces.
Primarily well indurated, these lenses often contain 
identifiable molds of Glossopleura zone trilobites (Palmer 
and Nelson, 1981). Echinoid and brachiopod fragments are 
also quite abundant. Quartz content reaches 20% and 
glauconite content varies from 1 to 2%. Dolomite grains 
locally account for up to 70% of the rock.
Carbonate beds commonly lie in a 0.5- to 6-m-thlck 
zone near the middle of the Chisholm Shale (Fig. 7).
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Although not observed at Diamond Bar Ranch, Whitney Ridge, 
and Davidson Peak due to the poor exposure, these 
carbonate beds may well be continuous throughout the Lake 
Mead region. Never accounting for more than 15% of the 
total thickness of the Chisholm, the carbonate beds 
consist of glauconitic, oolitic or peloidal wackestone and 
packstone, fossiliferous oncolitic packstone, and 
fossiliferous flat-pebble limestone conglomerate. These 
rocks are typically medium gray (N5) or light brown 
(5YR5/6) on freshly broken surfaces and light gray (N7) or 
dark yellowish orange (10YR6/6) on weathered surfaces. 
Bedding thicknesses range from very thin to thick but are 
primarily thin to medium. Almost always well indurated, 
the rocks of the carbonate zone are always strongly 
effervescent in 10% H C 1 . Finely crystalline, ferroan 
dolomite replaces micrite and sparry calcite in most 
rocks, however, and comprises up to 70% of the rock. As 
is typical of Middle Cambrian carbonates in the Lake Mead 
region, most dolomite rhombs are zoned or coated by 
reddish iron-oxide. Silt-sized quartz and glauconite 
grains account for up to 5% of the rock and are especially 
abundant in the matrix between oncoids and limestone 
conglomerate clasts. Oncoids range from coarse sand- to 
coarse pebble-sized, are ovoid to round, and typically 
show well-defined concentric laminations. The oncoids of 
the Chisholm Shale commonly have trilobite or Chancelloria
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fragments as nuclei. Limestone conglomerate clasts are 
ubiquitously discoid, ranging from 4 to 10 mm in thickness 
and 2 to 9 cm in diameter.
In addition to quartz and glauconite, bioclasts are 
also important components of the rock. Trilobite and 
echinoid fragments are particularly abundant, but 
fragments of brachiopods, hyolithoids, and Chancelloria 
are also present. In thin-section. Chancelloria commonly 
is oriented to show peculiar chambered fragments often 
shaped like the number 8.
Thickness.— The Chisholm Shale ranges from 16 m thick at 
Garden Wash to about 85 m thick at Davidson Peak but 
averages 33 m in thickness (Table 1). The Chisholm and 
the underlying Lyndon Limestone show an antithetic 
thickness relationship; while the Lyndon thins both 
northward and southward of a central maximum, the Chisholm 
is thinnest in central portions of the Lake Mead region 
and thickens north and south of this area. As Seager 
(1966, p. 19) noted, however, the Chisholm Shale is 
"especially susceptible to bedding plane movements" and 
tectonic squeezing such that apparent regional thickness 
trends might well be artificial. Although care was taken 
to avoid structural complications when sections were 
measured, much of the Chisholm Shale was very poorly 
exposed. Any conclusions as to the antithetic thickness
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trend of the Lyndon Limestone and Chisholm Shale therefore 
seem premature.
Age and Correlation.— Trilobites of the Glossopleura zone 
have been collected throughout the Chisholm Shale by 
Schenk and Wheeler (1942) and McKee (1945) at the Grand 
Wash Cliffs, Wheeler (1943) at Davidson Peak, and Palmer 
and Nelson (1981) at Frenchman Mountain (Appendix D; Fig. 
7). On this basis, the Chisholm Shale of the Lake Mead 
region is assigned to the early Middle Cambrian. 
Essentially coeval lithologic equivalents in surrounding 
regions therefore include the (1) Desert Range Limestone 
Member of the Carrara Formation in the Spring Mountains—  
Death Valley region (Palmer and Hailey, 1979); (2)
Chisholm Shale in the Pioche mining district (Merriam, 
1964); and (3) Flour Sack Member of the Bright Angel Shale 
in the western Grand Canyon (McKee, 1945; Fig. 4).
Summary
Lower and Middle Cambrian rocks in the Lake Mead 
region are divisible into four lithologically distinct, 
laterally continuous, geologically mappable formations.
In ascending order, these formations consist of the Lower 
Cambrian Tapeats Sandstone, Lower and Middle Cambrian 
Pioche Shale, Middle Cambrian Lyndon Limestone, and Middle 
Cambrian Chisholm Shale. Resting nonconformably upon
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Precambrian crystalline basement rocks and conformably 
overlain by the Middle Cambrian Muav Limestone, this 
sequence is conformable throughout the Lake Mead region.
The Lower Cambrian Tapeats Sandstone, averages 70 m 
thick and is characterized by an overall (although 
inconsistent) northward thickening across the study area.
In general, however, the thickness of the Tapeats appears 
to have been controlled by the topography of the 
Proterozoic depositional surface. Lithologically, the 
Tapeats typically consists of a pale red , very pale 
orange, or moderate brown weathering, cross-bedded, medium- 
to thick-bedded, medium- to coarse-grained, well sorted, 
subrounded, compositionally mature, texturally 
supermature, silica-cemented quartzarenite. At the base 
of the formation, thinly bedded, friable reddish sandstone 
is common, whereas the top of the unit typically consists 
of extensively bioturbated quartzite interbedded with 
siltstone and mudstone identical to that of the overlying 
Pioche Shale. Other than a consistent northward 
thickening of the zone of thinly bedded, friable reddish 
sandstone at the base of the Tapeats, no major lithologic 
variations were observed in this formation.
Gradationally overlying the Tapeats, the dominantly 
slope-forming, Lower and Middle Cambrian Pioche Shale 
averages 100 m thick and shows no well-defined, regional 
thickness trends in the study area. This unit typically
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consists of greenish or reddish mudshale, mudstone, or 
siltstone interbedded with thin lenses or beds of cross­
laminated, glauconitic sandstone. A reddish, ledge or 
cliff-forming, flaggy sandstone— herein informally named 
the Diamond Bar Sandstone Member--occurs in the upper half 
of the Pioche Shale in all but the northernmost portion of 
the study area. The only other major lithologic trend in 
the Pioche Shale is the abrupt appearance of calcareous 
sandstone beds at the extreme northern edge of the Lake 
Mead region.
Gradationally overlying the Pioche Shale, the cliff- 
forming, Middle Cambrian Lyndon Limestone averages 26 m 
thick within the study area and thins both northward and 
southward of an apparently east-west trending central 
maximum. Typically consisting of light brown or light 
gray weathering, medium- to thick-bedded, very well 
indurated, partially recrystallized and dolomitized 
limestone, the Lyndon exhibits three major lithologic 
trends within the study area: (1) a northward and westward 
decrease in ferroan dolomite content marked by a 
corresponding decrease in orangish hues, (2) a northward 
and westward thinning and eventual pinching out of 
calcareous sandstones near the middle of the formation, 
and (3) an abrupt appearance of intertidal to supratidal 
cryptalgal laminite and algal boundstone near the western 
boundary of the Lake Mead region.
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Sharply overlying the Lyndon Limestone, the slope- 
forming, Middle Cambrian Chisholm Shale averages 33 m 
thick and thickens both northward and southward of an 
apparently east-west trending central minimum. This 
thickness trend, apparently depositional in origin, is 
antithetic to that of the underlying Lyndon Limestone and 
suggests that the Lyndon Limestone formed a generally east- 
west trending topographic high or carbonate bank over 
which the Chisholm Shale, when deposited, was forced to 
thin. This carbonate bank appears to have lain near the 
middle of the study area.
The Chisholm Shale typically consists of greenish or 
reddish clayshales and mudshales intercalated with thin 
calcarenite lenses and lime-grainstone beds and shows no 
major lithologic-variation trends within the study area.
In the Pioche and Spring Mountains— Death Valley regions, 
however, coeval units are much more calcareous, suggesting 
that the Chisholm Shale and its lithologic counterparts 
become more calcareous toward the north and west.
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PALEOENVIRONMENTAL ANALYSIS 
Facies Description 
Nine intergradational lithofacies have been recognized 
within Lower and Middle Cambrian strata of the Lake Mead 
region. Distinguished on the basis of lithology, texture, 
and sedimentary structures, these facies include (A) a 
thinly bedded, friable sandstone; (B) a cross-stratified, 
coarse-grained guartzite; (C) a Skolithos-bearing, 
bioturbated sandstone; (D) a cross-stratified, glauconitic 
sandstone; (E) a flaggy reddish sandstone; (F) a 
lenticular-bedded mudstone; (G) a lime-grainstone; (H) a 
glauconitic, calcareous sandstone; and (I) a cryptalgal 
laminite.
Terrigenous siliciclastic lithofacies (facies A 
through F) account for 66% of the total section, whereas 
carbonate lithofacies (facies G, H, and I) form only 12% 
of the Lower and Middle Cambrian section in the Lake Mead 
region. The main attributes of each lithofacies are 
summarized in the following section and also appear in 
Table 2. Figure 11 shows the vertical distribution of 
these lithofacies at each locality.
Facies A: Thinly Bedded, Friable Sandstone.— Accounting 
for about 8% of the total Lower and Middle Cambrian 
section, slope-forming facies A is confined to the Tapeats 
Sandstone. Facies A is the sole constituent of the basal
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TABLE 2
Major Attributes of Each Lithofacies
A. Thinly Bedded. Friable Sandstone
1 . Very thin to thin bedding
2  . Poor induration
3 . Relatively high muscovite content (up to 20%)
4 . Medium to coarse sand grain size
5 . Moderate sorting
6 . Subrounded grain shape
7 . Generally unlaminated
B. Cross-Stratified, Coarse-Grained Ouartzite
1 . Near ubiquitous cross stratification
2 . Medium sand to very fine pebble grain size
3 . Very pale orange to moderate brown color
4 . Medium to thick bedding
5 . Well indurated
6 . Freauent occurrence of Arenicoloides
C. Skolithos-bearina . Bioturbated Sandstone
1 . Abundant Skolithos  ichnofossils
2  . Bioturbated appearance in outcrop
3 . Medium to very coarse sand grain size
4 . Well indurated
D. Cross-Stratified, Glauconitic Sandstone
1 . Relatively high (3 to 75%) glauconite content
2  . Greenish appearance in outcrop
3 . Cross-stratification common
4 . Thin to medium bedding
5 . Well indurated
6 . Fine sand grain size
7 . Well-sorted texture
8 . Subround to round arain shaDe
E. Flaaav Reddish Sandstone
1 . Flaggy weathering style
2 . Grayish red color
3 . Very thin to medium bedding
4 . Poorly to well indurated
5 . Primary current lineations common
6 . Silt to fine sand grain size
7 . Well-sorted texture
8 . Subrounded grain shape
9 . Muscovite content up to 3%
10 . Glauconite content u d  to 7%
F. Lenticular-Bedded Mudstone
1. Lenticular- to wavy-bedded mudrock with subordinate
sandstone
2 . Greenish or reddish color
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TABLE 2 (cont.)
G. Lime-Grainstone
1 . Grain-supported carbonate allochems (with or without
carbonate mud)
2 . Low quartz content (generally < 1%)
3 . Recrystallization and dolomitization common
4 . Grayish or orangish color
5 . Excellent induration
6 . Thin to thick bedding
7 . Occasional cross-stratification
H. Glauconitic. Calcareous Sandstone
1 . High quartz content (up to 85%)
2 . High glauconite content (up to 20%)
3 . Generally strongly calcareous
4 . Grayish or orangish color
5 . Dominantly thin bedded
6 . Silt to very fine sand-sized quartz grains
7 . Subrounded quartz grains
8 . Well-sorted texture
I. CrvDtalaal Laminite
1 . Characterized by cryptalgal laminites, bird's eye
fenestrae, or thrombolites
2 . Gray or light brown color
3 . Generally medium to verv thick beddina
8 8
FIGURE II. Vertical distribution of lithofacies at 
measured sections in the Lake Mead region. The Lyndon- 
Chisholm contact was selected as datum in this diagram 
because it appears to be essentially synchronous 
throughout the study area based on ubiquitously sharp 
facies contacts at this stratigraphic horizon. Note thin 
lenses of facies A within facies B. No horizontal scale.
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reddish subarkose zone and occurs at sporadic intervals 
throughout the dominant quartzitic zone of the Tapeats 
(Fig. 11). Best characterized by its very thin to thin 
bedding, poor induration, and relatively high muscovite 
content (up to 20%), facies A is pale red (10R6/2) to 
grayish red (5R4/2) where it occurs in the basal reddish 
subarkose zone and pale olive (10Y6/2) where it is found 
as friable lenses between the cross-stratified sandstones 
of facies B. Most beds lack internal laminations but a 
few, especially near the base of the Tapeats, are cross­
stratified. Most cross-strata have set thicknesses less 
than 10 cm, are tabular-shaped with planar foresets, and 
have angular basal contacts. A few small trough-shaped 
sets were also observed, however. Other characteristics 
of facies A include its medium to coarse grain size, 
moderate sorting, and subrounded grain shape.
Where it occurs in the friable reddish subarkose zone 
at the base of the Tapeats Sandstone, facies A grades 
upward into the cross-bedded sands of facies B. Where it 
occurs as friable lenses in the dominant quartzitic zone 
of the Tapeats, however, the sands of facies A sharply 
overlie and are erosionally overlain by the cross-bedded 
sands of facies B. These lenses range from 20 to 100 cm 
in thickness, but are usually only about 30 cm thick. 
Individual units pinch out laterally over 10 to 100 m.
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Facies B: Cross-Stratified, Coarse-Grained Quartzite.—  
Primarily restricted to the dominant quartzitic zone of 
the Tapeats Sandstone (Fig. 11), facies B accounts for 19% 
of the Lower and Middle Cambrian section and is found 
throughout the Lake Mead region. Distinctive features of 
this facies include its very pale orange (10YR8/2) to 
moderate brown (5YR4/4) color, medium to thick bedding, 
high degree of induration, medium sand to very fine pebble 
grain size, near ubiquitous cross-stratification, and the 
frequent occurrence of Arenicoloides ichnofossils on the 
upper surface of bedding planes.
Cross-stratification.— The most conspicuous feature of 
facies B is cross-stratification (Fig. 12). Although 
about half of all cross-strata have set thicknesses less 
than or equal to 6 cm and thus qualify as cross-laminated 
(sensu Tucker, 1982), satisfactory three-dimensional 
exposures of these structures were only rarely 
encountered. Cross-strata with set thicknesses in excess 
of 6 cm (i.e., "cross-beds" sensu Tucker, 1982), however, 
were usually quite suitable for paleocurrent analysis.
Although the two cross-stratification types were not 
normally closely associated, cross-bedded sets were 
occasionally overlain by cross-laminated sets with 
oppositely dipping foresets. Klein (1970b) recognized 
similar features in the inferred tide-dominated sands of
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FIGURE 12. The cross-stratification type (i.e., tabular­
shaped sets with planar foresets and angular foreset 
contacts) most common in the Tapeats Sandstone (facies 
B). Scale at lower right corner is in half-decimeters 
(upper edge) and centimeters (lower edge).
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the Precambrian Lower Fine-grained Quartzite of Scotland 
and named them "B-C" sequences. The cross-bedded set in a 
B-C sequence is the "B" unit, whereas the cross-laminated 
set of the couplet is the "C" unit.
Over 75% of the cross-bedded sets of facies B are 
tabular-shaped, 20% are wedge-shaped, and only 3% are 
trough-shaped. Most sets are thinner than 40 cm, but sets 
as thick as 120 cm were also observed (Fig. 13). Both 
planar- and trough-shaped foresets are recognized, but the 
latter variety is largely confined to sets less than 10 cm 
thick. Upper and lower set contacts are ubiquitously 
sharp and erosional, with angular basal set contacts most 
abundant (ca. 85%) and tangential basal contacts 
subordinate. Co-flow and back-flow cross-laminae (sensu 
Tucker, 1982) were only rarely observed.
Foreset thickness varies from very thin to medium 
(sensu Campbell, 1967). Approximately 75% of all foresets 
are thinly laminated, about 20% are medium laminated, and 
the other 5% are very thinly laminated. Texturally, 
nearly all cross-bedded foresets are delineated via grain- 
size alternations between coarse sand and granule size 
classes, although a few foreset contacts are marked by 
black heavy minerals (magnetite?). Mud-draped foresets 
are absent, but reactivation surfaces are quite common.
A total of 165 cross-bedding measurements were 
obtained from the sands of facies B. The data indicate
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FIGURE 13. Frequency distribution of cross-stratification 
set thicknesses in facies B of the Tapeats Sandstone. (a) 
= Diamond Bar Ranch, (b) = Devil's Cove, (c) = Garden 
Wash, (d) = Tramp Ridge, (e) = Whitney Ridge, (f) = Nickel 
Creek, (g) = Davidson Peak, and (h) = Frenchman Mountain 
section. Cross-stratification measurements were not taken 
at Sheep Mountain.
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that northwest- to southwest-directed currents were 
dominant during deposition of facies B (Fig. 14). The 
data also show that bimodal-bipolar paleocurrent patterns 
are conspicuously absent except perhaps at Davidson Peak. 
This observation may account for the virtual lack of 
herringbone cross-beds with bipolar foreset couplets. In 
contrast with the herringbone cross-bed type most commonly 
reported in the literature, the herringbone cross-beds 
most characteristic of facies B usually have obliquely 
bimodal foreset couplets.
The cross-bedding of facies B is typified by a 
unimodal to weakly bimodal frequency-distribution of 
maximum dip angles (Fig. 15) and a multimodal frequency- 
distribution of set thicknesses (Fig. 13). Klein (1970a) 
observed similar patterns in the modern tidal deposits of 
Minas Basin, Nova Scotia.
Trace FossiIs.--Facies B is characterized by localized 
concentrations of Arenicoloides ichnofossils (Fig. 16). 
According to Hantzschel (1975, p. W53), these crescent­
shaped grooves on the top surface of bedding planes are 
produced by "the erosion of tCorophioides] burrows to 
their basal ends." Corophioides ichnofossils are U-shaped 
Spreiten burrows similar to the relatively well known 
trace fossil Rhyzocorallium but are shorter and always 
perpendicular to the bedding plane (Hantzschel, 1975, p.
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FIGURE 14. Frequency distribution of maximum dip 
directions of cross-stratification in facies B, Tapeats 
Sandstone. (a) = Diamond Bar Ranch, (b) = Devil's Cove,
(c) = Garden Wash, (d) = Tramp Ridge, (e) = Whitney Ridge, 
(f) = Nickel Creek, (g) = Davidson Peak, and (h) = 
Frenchman Mountain section. Cross-stratification 
measurements were not taken at Sheep Mountain. Arrows 
indicate direction of true north; dashed semicircles 
indicate radius at 10% frequency.
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FIGURE 15. Frequency distribution of cross-stratification 
dip angles in facies B of the Tapeats Sandstone. (a) = 
Diamond Bar Ranch, (b) = Devil's Cove, (c) = Garden Wash,
(d) = Tramp Ridge, (e) = Whitney Ridge, (f) = Nickel 
Creek, (g) = Davidson Peak, and (h) = Frenchman Mountain. 
Cross-stratification measurements were not taken at Sheep 
Mountain.
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FIGURE 16. Arenicoloides ichnofossils on the upper 
surface of a facies B sandstone bed in the upper Tapeats 
Sandstone. Hammer tip points to one of many such 
structures. Scale at lower center is in half-decimeters 
(upper edge) and centimeters (lower edge).
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W53). Although Arenicoloides and Corophioides are thought 
to have a common origin, Corophioides burrows were only 
rarely observed. Hereford (1977) noted a similar paucity 
of complete Corophioides burrows within inferred 
intertidal deposits in the Tapeats Sandstone of central 
Ar izona.
Although Arenicoloides were observed on sandstone beds 
throughout facies B, these biogenic structures are 
particularly abundant in the upper half of the Tapeats 
Sandstone. Arenicoloides groove size varies from less 
than 1 cm long, 2 mm wide, and 1 mm deep to 10 cm long, 15 
mm wide, and 1 cm deep. Because groove size varies in a 
completely random fashion, this feature appears to depend 
solely on the extent to which the enveloping bed was 
eroded. Deeply eroded sandstone beds show smaller 
grooves, whereas shallowly eroded beds show larger grooves 
and sometimes even complete Corophioides burrows.
Intricately interwoven, shallowly furrowed (< 1 mm) 
grazing trails were also observed in facies B (Fig. 17). 
Confined to the upper surface of beds in the uppermost 
Tapeats Sandstone, these traces are strikingly similar to 
those made by the modern deposit-feeding gastropods 
Batillaria and Nassarius (Flemming, 1977; Swinbanks and 
Murray, 1981).
103
FIGURE 17. Inferred gastropod grazing traces on the upper 
surface of a facies B sandstone bed in the upper Tapeats 
Sandstone. Note Arenicoloides trace 8 cm beneath hammer 
tip. Scale at left is in centimeters (left edge) and 
inches (right edge).
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Facies C: Skolithos-bearinc. Bioturbated Sandstone.-- 
Facies C accounts for only 2% of the total Lower and 
Middle Cambrian section in the Lake Mead region and is 
confined to the transition zone at the top of the Tapeats 
Sandstone and base of the Pioche Shale (Fig. 11). The 
sandstones of facies C are virtually identical to those of 
facies B except for features produced by the activity of 
Skolithos-forming organisms. Due to their distinctive 
appearance in outcrop, however, these sandstones are 
assigned to a separate lithofacies.
In addition to the presence of Skolithos, facies C is 
characterized by its medium to very coarse sand grain- 
size; high degree of induration; and dull, earthy, 
bioturbated appearance in outcrop (Fig. 9). The latter 
feature is particularly characteristic of facies C, where 
Skolithos tubes range from scarce to so abundant and 
closely spaced (< 3 cm apart) that a peculiar biogenic 
cleavage (sensu Seilacher, 1967) results (Fig. 9). 
Individual beds of facies C therefore range from cross­
bedded and sparsely populated by Skolithos tubes to 
completely bioturbated and densely populated by these 
structures.
According to Hantzschel (1975, p. W107), Skolithos 
ichnofossils are unbranched tubes or tube fillings 
oriented perpendicular to bedding that are commonly 
straight and 1 to 15 mm in diameter. The Skolithos tubes
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of facies C are circular to slightly oval in cross-section 
with diameters ranging from 2 to 15 mm. Tube length 
rarely exceeds 10 cm, but individual tubes reaching 
lengths of 25 cm were observed. Tube spacing is commonly 
about 10 cm, but locally some Skolithos tubes are spaced 
closer than 5 cm apart. All tubes observed in vertical 
section were essentially straight and many showed slight, 
concentric undulations (i.e., within 3 mm) in the tube 
wall. Funnel-shaped "escape” structures, such as those 
that occur at the tops of Monocrater ion tubes, were not 
observed.
Tube-fill material typically consists of white (N9), 
very well sorted, coarse-grained sand texturally similar 
to the enclosing host strata. The organism responsible 
for producing the Skolithos tubes— presumably annelids, 
brachiopods, or phoronids (Hantzschel, 1975, p. W108)—  
often completely reworked the host sediment. This is 
indicated by the petrographic observation that the 
sandstones of facies C are commonly texturally inverted 
(sensu Folk, 1980), showing well-rounded grains in poorly 
sorted sands.
Facies D: Cross-Stratified, Glauconitic Sandstone.-- 
Restricted to the upper two-thirds of the Pioche Shale, 
facies D forms only 1% of the total Lower and Middle 
Cambrian section (Fig. 11). The facies is best
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characterized by its relatively high (3 to 75%) glauconite 
content, greenish appearance in outcrop, and cross­
stratification. Yellowish gray (5Y8/1) to moderate olive 
gray (5Y4/2) on freshly broken surfaces, the glauconitic 
sands of facies D are primarily thin- to medium-bedded, 
well indurated, fine grained, well sorted, and subrounded 
to rounded. Although glauconite normally accounts for 
about 20 to 30% of all framework grains, the mineral 
comprises over 50% of all grains in some sands. Where 
glauconite forms most of the grains, facies D is poorly 
indurated. In all cases, however, the sands of facies D 
are quartzarenitic (sensu Folk, 1980, p. 127).
The following sedimentary structures were observed in 
facies D: (1) wedge- to tabular-shaped cross­
stratification with planar foresets, tangential to angular 
foreset contacts, and set thicknesses generally less than 
10 cm; (2) herringbone cross-bedding; (3) flaser bedding; 
(4) convolute bedding; (5) ball-and-pillow structures 
(i.e., "pseudonodules"); (6) parallel laminations; (7) 
primary current lineations; (8) 1 ingoid-current ripple 
marks, (9) interference ripple marks, (10) Skolithos 
tubes; (11) Arenicoloides grooves; and (12) Planolites 
burrows.
Facies E: Flaggy Reddish Sandstone.— Confined to the upper 
half of the Pioche Shale, facies E is not present in
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extreme northern portions of the Lake Mead region (e.g., 
Nickel Creek and Davidson Peak; Fig. 11). Comprising 
about 5% of the total Lower and Middle Cambrian section, 
this facies is best characterized by its grayish red 
(10R4/2) color and its flaggy weathering-style (Fig. 10). 
The sole component of the Diamond Bar Sandstone Member, 
facies E is very thinly to medium bedded, poorly to well 
indurated, silt to fine sand-sized, well sorted, and 
subrounded. Obviously micaceous in hand specimen, facies 
E has a muscovite content as high as 3% and a glauconite 
content of up to 7%.
Facie3 E, like facies D, shows a wide assortment of 
primary sedimentary structures: (1) wavy- to flaser- 
bedding; (2) wedge-shaped, tangential cross-laminations 
with occasional mud flasers; (3) parallel laminations; (4) 
primary current lineations (Fig. 18); (5) symmetrical wave-
ripple marks; (6) lingoid-current ripple marks; (7) 
convolute bedding; and (8) Planolites ichnofossils. Most 
of the sandstone beds of facies E are very thinly to 
thinly parallel-laminated (sensu Campbell, 1967) and thus 
flaggy, but many are cross-laminated in sets generally 
thinner than 3 cm. Where flaggy, facies E typically shows 
primary current lineations. Where facies E is cross­
laminated, however, wavy- to flaser-bedding is commonly 
observed, as are symmetrical-wave ripple marks and lingoid- 
current ripple marks. Llngoid ripples and primary current
FIGURE 18. Primary current lineations on the upper 
surface of a facies E sandstone bed in the Pioche Shale 
Scale at left is in centimeters (left edge) and inches 
(r ight edge).
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lineations are often closely associated; frequent 
alternations between these two structures are common.
Facies F: Lenticular-Bedded Mudstone.--Accounting for just 
over half of the Lower and Middle Cambrian section, facies 
F is found within the transition zone of the Tapeats 
Sandstone and throughout the Pioche and Chisholm 
formations (Fig. 11). The facies consists primarily of 
pale olive (10Y6/2) to grayish olive (10Y4/2) or grayish 
red (10R5/2) clayshale, mudshale, mudstone, and siltstone 
with subordinate, very thin lenses of cross-laminated, 
commonly glauconitic, very fine grained sandstone very 
similar to those of facies D. In the Chisholm Shale, 
these lenses consist of bioclastic packstone and 
grainstone. Bioclastic sandstones and intraformational 
mudstone conglomerates also occur sporadically throughout 
the Chisholm Shale. Despite their lithologic diversity, 
these lenses are very similar in shape and form. Most are 
less than 30 cm long and 3 cm thick and all are enveloped 
by mudrocks of various types. Surrounding mudrock is 
usually siltstone in the Tapeats, mudstone in the Pioche 
Shale, and clayshale in the Chisholm. Note that the 
overall fining-upward trend of sands in the Tapeats 
Sandstone is carried upward to include the remaining 
portion of the Lower and Middle Cambrian section.
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Characteristic sedimentary structures include 
lenticular- to wavy-bedding (sensu Reineck and Wunderlich,
1968), convolute bedding, ball-and-pillow structures, 
wrinkle marks (Fig. 19), sharply crested symmetrical-wave 
ripple marks, straight to sinuous current ripple marks, 
and Planolites burrows. Almost all rocks of facies F 
exhibit some degree of bioturbation.
The color of mudrocks in facies F is also of 
interest. Because the mudrocks of facies F exhibit either 
grayish red or grayish olive hues, the organic carbon 
content of these rocks is very low (i.e., < 0.3%; Potter 
et al., 1980, p. 55). Whether a particular mudrock is 
dark grayish red or grayish olive apparently depends on 
the oxidation state of iron present in the muds when 
originally deposited (Potter et al., 1980, p. 55). 
According to Potter et a l . (1980), reddish mudrocks
suggest that most (> 70%) of the iron within the muds was 
in the ferric state prior to 1 ithification whereas 
greenish mudrocks imply that most of the iron (> 50%) was 
in the ferrous state. As mudrock color in facies F 
randomly alternates between red and green but is primarily 
green, more than half of the iron in most of these muds 
appears to have been in the ferrous oxidation state. Much 
of the iron in the muds of facies F was in the ferric 
state, however, as at least 70% of the total iron content 
must be ferric for red mudrocks to result (Potter et al.,
I l l
FIGURE 19. Wrinkle marks on the upper surface of a facies 
F sandstone bed in the Pioche Shale. Scale is in inches 
(upper edge) and centimeters (lower edge).
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1980). Curiously, no purplish mudrocks were observed in 
facies F. This suggests that the iron in the muds of this 
facies was either at least 70% ferric or at least 50% 
ferrous but was never transitional between these two 
percentages. Clearly, the muds of facies F were either 
(1) strongly ferric or (2) ferrous to strongly ferrous.
Facies G: Lime-Grainstone.--The dominant carbonate 
lithofacies in the Lake Mead region, facies G accounts for 
9% of the total Lower and Middle Cambrian section (Fig. 
11). Observed throughout the study area, facies G forms 
the majority of the Lyndon Limestone at all localities 
except Frenchman Mountain and is essentially the sole 
component of the carbonate beds in the Chisholm Shale. 
While predominantly composed of calcite, facies G locally 
contains up to 70% dolomite, 10% quartz, 5% glauconite, 
and 0.1% muscovite. Calcite normally occurs either as 
micrite or medium to coarsely crystalline spar or 
pseudospar (sensu Folk, 1965); microspar is relatively 
rare. Usually accounting for about 20% of facies G, 
dolomite occurs as finely to medium crystalline rhombs 
almost always zoned or coated with reddish iron-oxide. 
These rhombs are commonly finely crystalline where closely 
associated with micrite and medium crystalline where 
closely associated with sparry calcite or pseudospar. 
Because dolomite at least partially replaces micrite in
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most peloids and oncoids, at least some and perhaps all of 
the dolomite in facies G is of secondary origin.
Quartz, glauconite, and muscovite normally account for 
less than 1% of facies G. Ubiquitously silt-sized, these 
minerals occur sporadically throughout the facies.
Allochems include peloids, ooids, oncoids, bioclasts, 
and intraclasts. Peloids (sensu McKee and Gutschick,
1969) and ooids are the dominant identifiable 
constituents, accounting for about 75% of all allochems in 
facies G. Because almost all rocks of this facies are at 
least partially recrystallized and dolomitized, dolomite 
or pseudospar often conceals all but faint "ghosts" of 
round to ovoid allochems (Pig. 20). Very fine to very 
coarse sand-sized, these "ghosts" may be either peloids, 
ooids, abnormally small oncoids, or any combination of all 
three allochem types. Because all observed oncoids are at 
least very coarse sand-sized and most are gravel-sized, it 
seems probable that the ghosts are not of oncolitic 
origin. In rocks where recrystallization and 
dolomitization is minor or absent, peloids are most 
abundant but ooids are also present locally. Ooids with 
well-preserved internal structure are very rare, however. 
At Frenchman Mountain, some ooids are coated and cemented 
together by micrite to form grapestone, suggesting that at 
least some ooids once lay in areas of non-deposition for 
significant periods of time (Winland and Matthews, 1974).
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FIGURE 20. Photomicrograph in plane polarized light of 
the typical "ghost"-like appearance of well-rounded, 
recrystallized carbonate framework grains (peloids? 
ooids?) in facies G. "Ghost" diameter averages 0.18 mm in 
this rock.
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Recrystallization and dolomitization also obscures the 
original composition of the "interallochemical component" 
or "matrix" of facies G. Where such alteration is minor 
or absent, micrite and sparry calcite are about equally 
abundant, however. A few rocks in facies G are composed 
entirely of micrite and are classified as lime-mudstones, 
but the great majority show numerous sand-sized ghosts and 
are thus classified as grainstones.
Although sedimentary structures other than burrows are 
relatively rare in facies G, peloidal and oolitic 
grainstones are often cross-bedded. This is especially 
true near the base of the Lyndon Limestone, where cross­
bedded grainstones were observed at Diamond Bar Ranch, 
Garden Wash, Frenchman Mountain, and Sheep Mountain.
Oncoids are the second most abundant allochem in 
facies G. Forming about 15% of all allochems, oncoids are 
found throughout facies G but are particularly abundant in 
the carbonate beds of the Chisholm Shale, where they 
typically form oncolitic packstones and grainstones (Fig. 
21). Very coarse sand- to coarse pebble-sized, these 
structures are normally ovoid, though a few are 
essentially spherical. Trilobite and Chancelloria 
fragments commonly occur at the nucleus of oncoids, but 
some oncoids lack an obvious nucleus. Often distinctly 
concentrically laminated, particularly in the Chisholm 
Shale, the oncoids of facies G are composed of micrite
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FIGURE 21. Oncolitic packstone in facies G of the 
Chisholm Shale. Scale at left is in inches (upper edge) 
and centimeters (lower edge).
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that is usually at least partially replaced by zoned 
ferroan dolomite (i.e., ankerite) rhombs. Well-preserved 
Girvanella tubules were observed in only one thin-section.
Except for the nucleus, the oncoids of facies G do not 
contain bioclasts or quartz grains despite the fact that 
such allochems are often extremely abundant in the 
surrounding matrix. Palmer and Hailey (1979, p. 23), who 
observed an identical relationship in the oncolitic 
limestones of the Carrara Formation, suggested that such 
oncoids probably did not form by "algal trapping and 
binding of surrounding sediments." They proposed that 
these oncoids instead formed "from a primary precipitate 
of calcium carbonate stimulated by [Girvanella] algae."
It also seems possible that the oncoids were formed by 
algal trapping in an area relatively free of bioclastic 
debris and quartz grains but were subsequently transported 
to an area relatively enriched in such allochems. The 
common association of flat-pebble limestone conglomerates 
with oncolitic packstones and grainstones seems to support 
the latter scenario, as the presence of limestone 
conglomerates implies that currents were at least locally 
strong enough to disturb previously deposited sediments.
Bioclasts comprise about 9% of all allochems in facies 
G and are especially abundant in the Chisholm Shale and at 
the extreme base and top of the Lyndon Limestone. In the 
carbonate beds of the Chisholm Shale, these allochems are
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often abundant enough to form bioclastic packstones. 
Elsewhere in these beds, skeletal fragments are abundant 
constituents in the matrix of oncolitic packstones or 
grainstones and intraformational limestone conglomerates. 
Most of these fragments are of trilobites, but echinoderm, 
hyolithoid, brachiopod, and Chancelloria fragments are 
also present. In some cases, echinoderm fragments are 
more abundant than those of trilobites and echinodermal 
packstone results.
Intraclasts are an important constituent of the 
carbonate beds in the Chisholm Shale, where they typically 
form flat-pebble limestone conglomerates (Fig. 22). 
Petrographic analysis shows that these allochems are 
composed of micrite with up to 1% quartz silt. Ranging 
from 4 to 10 mm in thickness and 2 to 9 cm in diameter, 
these intraclasts are discoid and almost never exhibit 
sharp corners. The roundness of intraclasts in facies G 
suggests that these allochems were either transported 
significant distances, reworked extensively in place, or 
were not well lithified such that very little transport or 
in situ reworking was necessary to round them. Freshly 
broken intraclasts sometimes show very thin to thin 
parallel-laminations similar to those of the cryptalgal 
laminites in facies I.
In outcrop, the rocks of facies G commonly weather 
light gray (N7) to medium light gray (N6) where not
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FIGURE 22. Upper surface of an intraformational limestone 
conglomerate bed in facies G of the Chisholm Shale. Scale 
is in centimeters (upper edge) and inches (lower edge).
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replaced by ankerite, and grayish orange (10YR7/4) to 
light brown (5YR5/6) where ankerite replaces more than 
about 10% of the rock. Freshly broken surfaces are 
usually medium light gray (N6) to medium gray (N5) or 
grayish orange (10YR7/4) to light brown (5YR5/6). Most 
beds in facies G are thinly to thickly bedded and all are 
very well indurated.
The following sedimentary structures were observed in 
facies G: (1) Planolites burrows with diameters less than 
or equal to 1 cm; (2) Skolithos tubes up to 3 cm long and 
7 mm in diameter; (3) parallel laminations; and (4) cross­
stratification in grainstones, especially near the base of 
the Lyndon Limestone (Fig. 23). At Sheep Mountain, this 
horizon is characterized by rare trough cross-beds and 
herringbone cross-beds with obliquely bimodal foreset 
couplets. These and the other cross-stratified sets never 
exceed 12 cm in thickness and most are thinner than 6 cm. 
Planar foresets with angular basal and upper contacts are 
most common; only one example of trough-shaped sets was 
observed.
Facies H: Glauconitic, Calcareous Sandstone.—  
Characterized by its high quartz- and glauconite-content 
relative to the other carbonate lithofacies, facies H is 
primarily confined to basal portions of the Lyndon 
Limestone (Fig. 11). At Diamond Bar Ranch, Devil's Cove,
FIGURE 23. Cross-stratification typical of lime- 
grainstones (facies G) near the base of the Lyndon 
Limestone. Scale is in inches (upper edge) and 
centimeters (lower edge).
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and Nickel Creek, however, this facies also occurs near 
the middle of the Lyndon Limestone. Although apparently 
absent at Davidson Peak, Frenchman Mountain, and Sheep 
Mountain, facies H comprises about 2% of the total Lower 
and Middle Cambrian section. Most rocks weather light 
gray (N7) or yellowish gray (5Y8/1) to moderate brown 
(10YR4/4); freshly broken surfaces are very light gray 
(N8) to medium gray (N5) or grayish orange pink (5YR7/2) 
to moderate brown (5YR4/4). As in facies G, orange 
coloration is produced by the presence of ankerite.
Poorly to very well indurated, facies H is primarily thin- 
bedded. Grain size ranges from silt to very fine sand and 
most grains are subrounded. Ubiquitously well sorted, 
facies H is composed of up to 85% quartz, 20% glauconite, 
10% feldspar, and 1% muscovite. Accounting for 15 to 40% 
of the rock, dolomite and ankerite crystals are angular to 
subrounded. In thin-section, the rocks of facies H are a 
tightly interlocking mosaic of silica- and sparry calcite- 
cemented grains; hematite accounts for up to 3% of the 
rock.
The following sedimentary structures were observed in 
facies H: (1) wedge- to tabular-shaped cross­
stratification with planar foresets and tangential to 
angular foreset-contacts; (2) parallel laminations; (3) 
primary current lineations; (4) ball-and-pillow structures 
(Fig. 24); (5) convolute bedding; (6) wavy bedding; (7)
123
FIGURE 24. Convolute bedding and ball-and-pillow 
structures in the calcareous sandstones of facies H 
(Lyndon Limestone). Note geologic hammer and scale near 
center of photograph. Scale is in centimeters (upper 
edge) and inches (lower edge).
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sharply crested symmetrical-wave ripple marks; (8) 
interference ripple marks; (9) lingoid-current ripple 
marks; and (10) Planolites burrows. Parallel laminations 
are particularly characteristic of facies H and are 
commonly associated with primary current lineations. 
Closely associated with these features are wavy- and 
convolute-bedding, ball-and-pillow structures, and ripples 
with lingoid-current, symmetrical-wave, or interference 
patterns.
Facies I: Czyptalgal Laminite.— Forming only about 1% of 
the total Lower and Middle Cambrian section, facies I is 
confined to the Lyndon Limestone at Frenchman Mountain 
(Fig. 11), where it comprises 58% of this unit. Medium 
light gray (N6) to medium dark gray (N4) on freshly broken 
surfaces, facies I commonly weathers light gray (N7) to 
medium light gray (N6) or light brown (5YR5/6). As in the 
other carbonate lithofacies, orangish hues are produced by 
the presence of secondary ankerite rhombs. Beds are 
medium to very thick and are always very well indurated. 
Due the activity of burrowing organisms, the rocks of 
facies I are sometimes very difficult to distinguish from 
those of facies G. Unless algal stromatolites or 
cryptalgal laminites were observed, however, the rock was 
assigned to facies G.
125
In thin-section, the rocks of facies I are dominantly 
micrite. Trilobite fragments locally account for up to 1% 
of the rock and silt-sized quartz grains occur in only 
trace amounts. Medium crystalline ankerite rhombs 
commonly replace at least some of the micrite, but 
ankerite content never exceeds 5% of the rock.
Primary sedimentary structures observed in facies I 
include cryptalgal laminites (Fig. 25), bird's eye 
fenestrae (Fig. 26), and thrombolites (Fig. 27). 
Thrombolites are restricted to the base of the Lyndon 
Limestone, where they form hemispherical mounds 0.5 to 1 m 
in diameter. These structures have a distinctly darker 
weathering color (medium gray; N5) than the surrounding 
rock .
Paleoenvironmental Interpretation
Ancient depositional environments can be reconstructed 
by interpreting first the process or processes that 
created individual facies and then the environment in 
which the processes operated (Reading, 1978, p. 2). In 
sedimentary rocks, each facies is defined on the basis of 
color, bedding, composition, texture, fossils, and 
sedimentary structures (Reading, 1978, p. 4). Of these 
features, sedimentary structures are perhaps the most 
useful in terms of paleoenvironmental interpretation. 
Although an individual facies is usually chosen such that
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FIGURE 25. Cryptalgal laminations in recrystallized and 
dolomitized limestones of facies I at Frenchman Mountain. 
Scale at lower left corner is in inches (upper edge) and 
centimeters (lower edge).
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FIGURE 26. Bird's eye structures in recrystallized 
limestones of facies I at Frenchman Mountain. Several 
stylolites (one of which is pointed to by hammer tip) are 
also visible. The enigmatic black markings near the scale 
are letters spray-painted onto the rock face by vandals. 
Scale is in centimeters (upper edge) and inches (lower 
edge).
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FIGURE 27. Thrombolites in facies I limestones near the 
base of the Lyndon Limestone at Frenchman Mountain. 
Pencil near center points to one of several such 
structures visible in this photograph. Scale at upper 
left is in half-decimeters (upper edge) and centimeters 
(lower edge).
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it has a unique set of sedimentary structures, any one of 
these structures may occur in two or more facies. This 
relationship is possible because the same depositional 
process is often active in more than one environment. The 
sedimentologist must therefore assemble a suite of 
sedimentary structures that collectively indicate a 
certain depositional setting before evaluating the 
paleoenvironmental implications of each facies. Such a 
procedure was utilized in the following discussion.
The nature of contacts between lithofacies is also 
useful in paleoenvironmental interpretation. There are 
three main types of facies contact: gradational, sharp, 
and erosive. Gradational contacts indicate that there was 
virtually no temporal hiatus between deposition of the 
facies involved and suggests a gradual migration in 
depositional setting. Sharp and erosional contacts, 
however, mark either (1) significant temporal breaks 
between deposition of the facies involved, implying 
potentially wide spatial separation between their 
depositional environments (Reading, 1978, p. 5), or (2) 
storm events. The type of lithofacies contact thus plays 
an important role in the following paleoenvironmental 
interpretation.
The depositional processes of modern tide-dominated 
environments and those features of lithofacies in the Lake 
Mead region that are inferred attributable to them are
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listed in Table 3. Table 4 lists the inferred 
depositional environments of each facies and the criteria 
used to derive them. Rationale used in the 
paleoenvironmental interpretation of each facies are 
discussed in the subsequent sections.
Facies A: Thinly Bedded, Friable Sandstone.— Facies A 
grades upward into the cross-bedded sands of facies B 
where it occurs in the basal reddish subarkose zone of the 
Tapeats. This upward gradation is accomplished via upward 
variations in (1) rock color, grading from grayish red 
(5R4/2) to pale red (10R6/2); (2) bedding thickness, 
grading from very thin or thin to medium and thick; (3) 
degree of induration, grading from poorly to well- 
indurated; (4) sorting, grading from poorly to well- 
sorted; (5) roundness, grading from angular to rounded; 
and (6) internal lamination style, grading from 
structureless to cross-laminated. These upward gradations 
suggest an upward transition from deposition in the 
relatively quiet waters at the low end of the lower flow 
regime to accumulation in the relatively more agitated 
waters in the middle portion of the lower flow regime, 
where small-scale cross-stratification could form (Harms, 
Southard, and Walker, 1982). Because the small-scale 
cross-bedded sandstones of facies A grade upward into the 
medium to large-scale cross-bedded sandstones of facies B
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TABLE 3
Depositional Processes of Modern Tide-Dominated 
Environments and Associated Features Observed 
in the Lake Mead Region
PROCESSES 
(from Klein. 1971)
FEATURES
A. Tidal-current bedload 
transport with bipolar- 
bimodal reversals of 
flow directions
1) Cross-stratification with sharp, erosional 
set boundaries (Klein, 1970a) Cfacies B, D, G]
2) Herringbone cross-stratification (Reineck, 
1963) [facies B, D, and G1
3) Preservation bias of Arenicoloides over 
Coroohiaides (this studv) Cfacies B1
B. Time-velocity 
asymmetry of tidal- 
current bedload 
transport
1) Reactivation surfaces (Klein, 1970a)
Cfacies B1
2) Multimodal frequency-distribution of cross­
strati fication set thickness (Klein, 1970a) 
[facies B1
3) Bimodal frequency-distribution of cross­
strati fication dip angle (Klein, 1970a)
[facies B3
4) Alternation of coarse sand and granule grain- 
sizes between adjacent foresets (this study) 
[facies B1
C. Late-stage ebb- 
out flow and emergence 
with sudden changes in 
flow directions at 
water deoths of <2 m
"B-C" sequences of cross-bedding ("B" unit) 
overlain by cross-lamination ("C" unit) with 
foresets dipping at 90 or at 180 with respect 
to each other (Klein, 1970b) [facies B1
D. Alternation of tidal- 
current bedload 
transport with 
suspension settling 
of mud during slack- 
water Deriods
1) Lenticular bedding (Reineck and Wunderlich, 
1968) [facies F]
2) Wavy bedding (Reineck and Wunderlich, 1968) 
[facies D, E, and H]
3) Flaser bedding (Reineck and Wunderlich, 1968) 
[facies D and El
E. Tidal scour Intraformational conglomerates (Reineck, 1963 
1967) Cfacies F and G3
F. Exposure Bird's eve structures (Shinn. 1968) [facies 11
G. Differential 
compaction, loading, and 
hydroplastic 
readjustment
1) Convolute bedding (Dott and Howard, 1962) 
[facies D, E, and H3
2) Ball-and-pillow structures (Reineck and Singh, 
1980) [facies D and HD
3) Wrinkle marks (Allen. 1985) [facies FI
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TABLE 4
Paleoenvironmental Interpretations and Criteria
FACIES CRITERIA INTERPRETATION
A Grades upward into, and intimately associated with, 
inferred shallow-subtidal to low-intertidal sands
Shallow-subtidal
sands
B
1) Cross-stratification with sharp, erosional 
set boundaries
2) Herringbone cross-beds
3) Reactivation surfaces
4) Multimodal frequency-distribution of cross­
stratification set thickness
5) Bimodal frequency-distribution of cross­
stratification dip angle
8) "B-C" sequences of cross-stratification
7) Aren icoloides and Corophioides ichnofossils
8) GastroDod (?) arazina trails
Shallow-subtidal 
to low-intertidal 
sands
c
1) Gradational facies contacts with inferred 
upper-intertidal deposits of facies F
2) Abundant Skolithos ichnofossils
Intertidal
sands
D
1) Herringbone cross-beds
2) Convolute bedding
3) Ball-and-pillow structures
4) Wavy- and flaser-bedding
5) Primary current lineations
6) Lingoid-current ripple marks
7) Interference ripple marks
8) Skolithos ichnofossils
9) Arenicoloides ichnofossils
Intertidal
sands
E
1) Wavy- and flaser-bedding
2) Convolute bedding
3) Primary current lineations
4) Sharply crested symmetrical-wave ripple marks
5) Linaoid-current riDDle marks
Intertidal
sands
F 1) Lenticular- and wavy-bedding2) Wrinkle marks
3) Sharolv crested symmetrical-wave rioDle marks
Upper-intertidal
deposits
G
1) Herringbone cross-beds and other types of 
cross-strati fication
2) Oncoids
3) Grapestones
4) Flat-pebble limestone conglomerates
5) Skolithos ichnofossils
Shallow-subtidal 
to intertidal 
lime muds
H
1) Wavy bedding
2) Convolute bedding
3) Ball-and-pillow structures
4) Primary current lineations
5) Lingoid-current ripple marks
6) Sharply crested symmetrical-wave ripple marks
7) Interference riDDle marks
Intertidal
sands
I
1) Thrombolites
2 ) Bird’s eye structures
3 ) Crvotalaal laminites
Shal1ow-subt i dal 
to supratidal
deposits
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at the base of the dominant quartzitic zone, this trend of 
increasingly agitated depositional regime appears to 
continue upward.
In the succeeding section, facies B is assigned a 
shallow-subtidal to low-intertidal depositional 
environment. Because facies A grades upward into facies B 
in the basal reddish subarkose zone, a gradual upward 
increase in the energy of the depositional environment 
from that of facies A to the dominantly shallow-subtidal 
setting of facies B is recorded. In tide-dominated 
environments, depositional energies generally increase 
from subtidal to low-intertidal settings (Klein, 1970a). 
Because facies A grades upward into the shallow-subtidal 
to low-intertidal sands of facies B, facies A must 
therefore record slightly deeper subtidal deposition than 
that of facies B. Facies A thus appears to represent 
deposition in a shallow-subtidal environment.
Facies B: Cross-Stratified, Coarse-Grained Quartzite.— The 
sands of facies B clearly show numerous affinities to 
modern tidal sand bodies (Table 3). Excellent sorting and 
supermature roundness (sensu Klein, 1977), such as that 
exhibited by facies B, is also characteristic of such sand 
bodies (Klein, 1970a; Houbolt, 1968; Balazs and Klein, 
1972). The presence of Arenicoloides and Corophioides 
ichnofossils throughout facies B provides additional
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evidence of tidal deposition, because these trace fossils 
are indicative of shallow-subtidal to intertidal 
environments (Seilacher, 1967). The Batillaria- and 
Nassarius-1ike grazing trails observed locally in facies B 
support an intertidal origin for these sands because such 
traces are common on modern intertidal flats (Flemming, 
1977; Swinbanks and Murray, 1981). A tidal-sand origin 
for facies B therefore seems warranted.
As previously mentioned, most of the cross-bed sets of 
facies B are less than 40 cm thick and are tabular to 
wedge-shaped with planar foresets and angular foreset 
contacts. Trough cross-bedded sets are relatively rare 
and are very small (< 10 cm thick) where present. The 
majority of cross-bedding in facies B therefore appears to 
have been produced by the migration of straight-crested 
megaripples (i.e., straight to slightly sinuous current 
ripples with amplitudes of 6 to 150 cm and wavelengths of 
0.6 to 30 m; Reineck and Singh, 1980). Ripples of this 
variety are quite typical of modern shallow-subtidal to 
intertidal environments (Klein, 1970a).
The present study indicates that the major Lower and 
Middle Cambrian facies trends are intersected from north 
to south in the Lake Mead region, suggesting that Cambrian 
shorelines were oriented generally east-west in the study 
area. Because the dominant migration-direction of 
megaripples in facies B was toward the west in general
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(Fig. 14), these sand bodies appear to have migrated in a 
direction essentially parallel to the shoreline and 
perpendicular to the direction of maximum, near-surface, 
tidal-current velocity.
As shown in Table 3, three basic processes contributed 
to the deposition of facies B. These processes include 
(A) tidal-current bedload transport with bipolar-bimodal 
flow-direct ion reversals (Klein, 1971), producing the 
sharp set boundaries of cross-strata, the herringbone 
cross-beds, and the preservation bias of Arenicoloides 
over Corophioides; (B) time-velocity asymmetry of tidal- 
current bedload transport (Klein, 1971), forming the 
bimodal frequency-distribution of cross-bedding dip 
inclination (where present), the multimodal frequency- 
distribution of cross-bedding set thickness, the 
alternation of coarse sand and granule-sized grains 
between adjacent foresets, and the presence of 
reactivation surfaces; and (C) late-stage ebb-outflow and 
emergence with consequent sudden flow-direct ion variation 
at water depths shallower than 2 m (Klein, 1971), 
producing the rare "B-C" sequences of Klein (1970b). 
Evidence for storm deiposition was not observed in the 
sands of facies B.
In summary, facies B is inferred to record the 
accumulation of sand in shallow-subtidal to low-intertidal 
environments as straight-crested megaripples migrating
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essentially parallel to inferred Cambrian shorelines and 
perpendicular to the tidal current. The dominant 
migration-direction of these sand bodies appears to have 
been toward the west.
Facies C: Skolithos-bearina. Bioturbated Sandstone.— The 
bioturbated sands of facies C gradationally overlie and 
are sharply overlain by lenticular- to wavy-bedded 
mudstones of facies F (Fig. 11). In a succeeding section, 
facies F is assigned an upper-intertidal flat origin based 
on the presence of several sedimentary structures 
indicative of intermittent emergence. By association, 
facies C also appears to represent an intertidal flat 
environment. This interpretation is supported by the 
ubiquitous presence of Skolithos ichnofossils in facies C, 
because Seilacher (1967, p. 419) considers these biogenic 
structures diagnostic evidence of intertidal environments 
"where rapid sedimentation and erosion are critical 
factors."
Facies D: Cross-Stratified, Glauconitic Sandstone.— Facies 
D shows numerous sedimentary structures characteristic of 
modern intertidal environments (Table 4). Herringbone 
cross-bedding is produced where there are current 
reversals that cause variations in sand-body migration- 
direction. As such, these structures are traditionally
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considered typical of tide-dominated depositional systems 
(Collinson and Thompson, 1982; Tucker, 1982), but they 
have also been observed in very low gradient fluvial 
systems (Alam et al., 1985), though not in the same 
abundance. According to Klein (1971), herringbone cross­
beds are particularly characteristic of shallow-subtidal 
to low-intertidal sands in tide-dominated depositional 
settings.
The frequent presence of interference ripple marks in 
the sands of facies D indicates that waves and currents, 
or at least two different wave sets, coexisted and 
interacted when these sands were deposited (Collinson and 
Thompson, 1982). Such conditions occur on modern river 
beds (Collinson and Thompson, 1982) and in modern shallow- 
subtidal to low-intertidal environments (Collinson and 
Thompson, 1982; Davis, 1983).
The common occurrence of flaser bedding in the sands 
of facies D indicates that the process of alternation of 
bed-load and suspended-load sedimentation was locally 
important (Klein, 1971). This process is characteristic 
of tide-dominated environments and is commonly associated 
with tidal flats (Davis, 1983). According to Klein 
(1971), flaser bedding is particularly common on mid- to 
upper-intertidal flats. However, flaser bedding has also 
been observed in tidal inlets and on intertidal beaches 
(Davis, 1983) .
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Flaser bedding, as well as lenticular- and wavy- 
bedding, has also been recorded in depositional 
environments other than tide-dominated. De Raaf et al. 
(1977, p. 451) observed flaser-, wavy-, and lenticular- 
bedding in Lower Carboniferous rocks inferred as 
representing wave-dominated, shallow-marine depositional 
environments "practically devoid of unidirectional 
currents." Hawley (1982) concluded experimentally that 
flaser bedding (and presumably also lenticular- and wavy- 
bedding) is unlikely to result from the action of tidal 
currents alone unless extraordinary amounts of mud are 
available. He suggested that such structures are more 
likely the result of storm action. Pasierbiewicz (1982) 
showed experimentally that flaser- and wavy-bedding may 
also be produced when sand-mud couplets migrate across an 
undulatory sedimentation surface under unidirectional flow 
conditions. It is thus evident that the presence of 
flaser bedding does not necessarily imply tide-dominated 
deposition.
The occurrence of convolute bedding and ball-and- 
pillow structures in the sands of facies D indicates that 
these sands were deposited rapidly (Collinson and 
Thompson, 1982). Rapid deposition is common in many 
depositional environments such that these structures are 
not paleoenvironmentally restrictive. Both structures are 
common in the deposits of modern turbidites, fluvial flood
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plains, deltas, and tidal flats (Collinson and Thompson, 
1982).
Primary current lineations in fine to medium-grained, 
non-micaceous sands, such as those of facies D, are fairly 
reliable indicators of deposition under upper flow-regime 
conditions (Reineck and Singh, 1980; Collinson and 
Thompson, 1982). Such conditions are quite typical of 
intertidal beaches, where primary current lineations are 
produced by unidirectional backwash (Reineck and Singh, 
1980; Collinson and Thompson, 1982). These structures are 
also observed in modern turbidites (Davis, 1983) and 
fluvial deposits (Reineck and Singh, 1980), however.
According to Seilacher (1967), Skolithos and 
Corophioides (and thus Arenicoloides by association) are 
typical of intertidal sands subjected to rapid 
sedimentation and erosion. Skolithos and Arenicoloides 
occur sporadically throughout facies D, suggesting that at 
least some of these sands were deposited in intertidal 
settings.
Although most of the primary sedimentary structures of 
facies D, when considered individually, have been observed 
in modern depositional settings other than tidal flats, 
the intimate association of these structures is strongly 
indicative of intertidal deposition. Furthermore, facies 
D exhibits gradational facies contacts with the inferred 
intertidal deposits of facies E and F (Fig. 11). It thus
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appears that most of facies D records intertidal 
deposition, although at least some of these sands probably 
developed in shallow-subtidal settings.
The ubiquitous presence of glauconite grains in the 
sands of facies D is thus attributed to shoreward 
transport from subtidal environments where conditions were 
suitable (i.e., slightly reducing, somewhat turbulent, 
slow sedimentation rates; Reineck and Singh, 1980) for 
glauconite production. Singh (1980) has observed abundant 
glauconite grains within inferred Precambrian intertidal 
deposits in India.
Facies E: Flaggy Reddish Sandstone.— The sedimentary 
structures of facies E are very similar to those of facies 
D (Table 4); contacts between these two facies are 
gradational. Facies E also commonly exhibits gradational 
contacts with the mudstones of facies F.
Symmetrical-wave and lingoid-current ripple marks, 
such as those that are typical of facies E, are found in 
numerous fluvial and marine settings. As such, they are 
of limited use in paleoenvironmental interpretation. 
According to Collinson and Thompson (1982, p. 70), 
however, sharply crested symmetrical-wave ripple marks, 
like those often observed in facies E, are "common in very 
shallow, near-emergent conditions"..
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Based on the intimate association of the sedimentary 
structures listed in Table 4, facies E is assigned an 
intertidal origin. This interpretation is consistent with 
the observation that contacts between facies E and the 
inferred intertidal deposits of facies D and F are 
gradational.
Facies F: Lenticular-Bedded Mudstone.— The lenticular- to 
wavy-bedded mudstones of facies F exhibit gradational 
contacts with the sands of facies C, D, E, and H (Fig.
11). This gradation is typically achieved through a 
gradual upward increase in the sandstone to mudstone ratio 
such that lenticular bedding of the flat single-lens 
variety grades upward through lenticular bedding of the 
flat connected-lens variety to wavy bedding and finally 
flaser bedding in many cases. The upper contacts of 
facies C, D, and E commonly mark an abrupt return to the 
lenticular-bedded deposits of facies F. As such, the 
depositional environments of these facies seem to be 
intimately interwoven.
Facies F is characterized by many of the same 
sedimentary structures observed in facies C, D, E, and H. 
Other than lenticular- and wavy-bedding, these structures 
include sharply crested symmetrical-wave ripple marks and 
Skolithos tubes. Unique to facies F are wrinkle marks. 
According to Reineck and Singh (1980, p. 65), these
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structures "can be considered a good indicator of 
intermittent emergence of a sediment interface." Reineck 
(1969) showed experimentally that structures very similar 
to wrinkle marks result when a very thin (i.e., < 1 cm) 
film of water overlying a partially cohesive sediment 
surface is subjected to strong winds. Recently, however, 
Allen (1985) actually witnessed the development of wrinkle 
marks on modern tidal flats. Forming 45 to 75 minutes 
after emergence, these structures are now thought to be 
produced by the aseismic soft-sediment deformation of 
mixed sand and mud deposits (Allen, 1985).
In general, modern intertidal flats range from sand- 
dominated near the low-water mark to mud-dominated near 
the high-water mark (van Straaten, 1954, 1961; van 
Straaten and Kuenen, 1958; Reineck, 1963, 1967; Evans, 
1965). Based on its high clay content relative to the 
other inferred intertidal deposits and the intimate 
association of the above sedimentary structures, including 
the presence of structures considered indicative of 
intermittent emergence (i.e., wrinkle marks), facies F is 
assigned an upper-intertidal origin.
The color of mudrocks in facies F supports this 
interpretation. As previously discussed, the mudrocks of 
facies F exhibit a very low organic carbon content and 
appear to have been either (1) strongly ferric or (2) 
ferrous to strongly ferrous when originally deposited.
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This relationship may be attributable to oxidation 
conditions in the depositional environment. Based on the 
presence of numerous primary sedimentary structures 
indicative of very shallow marine, tide-dominated 
deposition throughout facies F, the reddish mudrock colors 
may well have resulted from the subaerial exposure of 
tidal-flat muds. Those mudrocks with greenish colors 
might indicate areas where muds were not subaerially 
exposed or where muds were not exposed long enough to 
oxidize iron. In any case, because the mudrocks of facies 
F have very low organic carbon contents and are often 
relatively enriched in ferric iron, the muds of this 
facies appear to have been deposited in a relatively well 
oxygenated, shallow-water marine environment.
As mentioned previously, the deposits of facies F 
contain rare molds of trilobite specimens. The presence 
of trilobites in inferred intertidal deposits is 
problematical, because of the intermittent desiccation 
characteristic of such environments. Therefore, it seems 
likely that these trilobites were transported onto the 
tidal flats during flood tide and storms. It is thus 
possible that the paucity of well-preserved, identifiable 
trilobite specimens within the Lower and Middle Cambrian 
section in the Lake Mead region is directly attributable 
to the intertidal origin of facies F.
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Facies G: Lime-Grainstone.— The grainstones of facies G 
exhibit gradational lower contacts with the siliciclastic 
muds of facies F, the calcareous sands of facies H, and 
the cryptalgal laminites of facies I (Fig. 11). The upper 
contacts of facies G are sharp with facies F but 
gradational with facies H and I. The grainstones of 
facies G thus exhibit sharp upper contacts with 
siliciclastic sediments but gradational upper contacts 
with other carbonate lithofacies. This suggests that the 
carbonate lithofacies have related depositional 
environments.
As previously discussed, facies G primarily consists 
of sand-sized allochems in a grain-supported framework. 
These allochems include peloids, ooids, oncoids, 
bioclasts, and intraclasts in approximate order of 
decreasing abundance. The frequent occurrence of cross­
stratification in peloidal and oolitic grainstones 
indicates that these sand-sized allochems often acted as 
discrete sand grains when deposited. The presence of 
cross-stratification also suggests that at least some of 
facies G was deposited above normal wave-base. The rare 
presence of grapestones supports this suggestion, because 
such grains are typical of shallow-water settings with 
slow sedimentation rates (Winland and Matthews, 1974).
The occasional presence of Skolithos tubes, however, 
indicates that facies G, at least locally, represents
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intertidal deposition (Seilacher, 1967). Shallow-subtidal 
to intertidal sedimentation is also suggested by the rare 
presence o£ herringbone cross-beds in facies G at Sheep 
Mountain.
According to Shinn (1983), intraclasts are preserved 
in two major settings within modern, tide-dominated, 
carbonate regimes: supratidal flats and subtidal 
channels. Because the flat-pebble limestone conglomerates 
of facies G do not occur in channel-like deposits and are 
closely associated with mudrocks exhibiting evidence of 
emergence (i.e., facies F), the presence of intraclasts in 
facies G suggests that at least some of this facies may 
represent supratidal deposition. Oncoids, the final 
allochem-type observed in facies G, are typical of modern 
shallow-subtidal to low-intertidal environments (Blatt et 
al., 1980, p. 473-474).
The grainstones of facies G thus appear to have been 
deposited in several different tide-dominated 
environments. The presence of Skolithos, herringbone 
cross-beds, and limestone conglomerates suggests that at 
least some of facies G was deposited in intertidal to 
supratidal settings. The presence of oncoids and 
grapestones, however, implies that much of this facies 
accumulated in relatively low-energy, protected, shallow- 
subtidal to low-intertidal environments. Because 
sedimentary structures considered typical of intertidal
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and supratidal deposition are relatively rare, facies G 
presumably has a dominantly shallow-subtidal to low- 
intertidal origin.
Facies H: Glauconitic, Calcareous Sandstone.— Facies H 
shows many of the same sedimentary structures observed in 
facies D, including convolute bedding, ball-and-pillow 
structures, primary current lineations, and lingoid- 
current ripple marks. Also observed in facies H were 
sharply crested symmetrical-wave ripple marks, 
interference ripple marks, and wavy bedding.
Although the sedimentary structures of facies H, when 
considered individually, are found in depositional 
settings other than intertidal, the intimate association 
of these features strongly suggests that facies H records 
intertidal deposition. Facies H is thus assigned an 
intertidal flat origin. As such, the glauconite grains of 
this facies are interpreted to have been transported from 
slightly reducing, shallow-subtidal environments seaward 
of the tidal flats.
Facies I: Cryptalgal Laminite.— As previously discussed, 
facies I is characterized by the presence of cryptalgal 
laminites, bird's eye fenestrae, and thrombolites. 
Intimately associated with the grainstones of facies G, 
facies I shows an upward gradation from bioturbated,
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thrombolite-bearing limestones to limestones with abundant 
bird's eye fenestrae to cryptalgal laminites. According 
to Aitken (1967, 1978), thrombolites developed in low- 
intertidal to shallow-subtidal settings in water up to 12 
m deep. Pratt and James (1982) interpreted that the 
thrombolite mounds of the early Ordovician St. George 
Group of western Newfoundland formed in the subtidal zone 
in waters up to several meters deep. Bird's eye fenestrae 
and laminated carbonates with anti-gravity features 
suggestive of an algal origin (i.e., cryptalgal laminites) 
are both typical of upper-intertidal and supratidal 
deposits (Shinn, 1983). Facies I is thus assigned a 
shallow-subtidal to supratidal origin.
Because facies 1 grades upward from inferred shallow- 
subtidal or low-intertidal, thrombolite-bearing deposits 
to upper-intertidal and supratidal deposits with bird's 
eye fenestrae, the Lyndon Limestone at Frenchman Mountain, 
the only section containing this facies (Fig. 11), 
apparently represents a shallowing-upward sequence.
Facies Relationships and Depositional Model
Based on the vertical succession and lateral 
distribution of lithofacies in the Lake Mead region (Fig. 
11), the following depositional model is proposed (Fig. 
28). Because biostratigraphic control in the study area 
is fairly poor, it is very difficult to determine the
150
FIGURE 28. Depositional model: An interpretation o£ Lower 
and Middle Cambrian lithofacies relationships in the Lake 
Mead region. The x's indicate the locations of 
stratigraphic sections measured in this study. The 
vertical dimension represents generalized stratigraphic 
thickness and thus roughly time.
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relative timing of sedimentologic responses in this 
region. The model is thus an attempt to reconstruct 
facies development in a pattern that is depositionally 
reasonable.
The primary difference between this model and those 
proposed for coeval units in adjacent regions is that the 
major facies trends are oriented north-south rather than 
east-west in the Lake Mead region. [Although Velechovsky 
(1985) also observed north-south facies trends in the 
adjacent Pioche region, his depositional model is east- 
west oriented.] This relationship suggests that the 
Cambrian shoreline lay somewhere to the south of the study 
area and that its general trend was east-west during the 
Early and Middle Cambrian (Fig 29).
The proposed depositional model incorporates the basic 
assumption that the shoreline tends to stabilize at that 
point on a passive continental margin (such as that 
inferred for western North America during the Cambrian) 
where the rate of sea-level fluctuation is equal to the 
difference between the rates of subsidence (or uplift) and 
sedimentation (Pitman, 1978). Because no attempt was made 
to distinguish between sea-level fluctuation attributable 
solely to eustatic sea-level rise or fall and that due 
purely to basinal subsidence or uplift, the following 
model refers to both variables collectively as "relative11 
sea-level change. A falling relative sea level thus
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FIGURE 29. Block diagrams showing generalized facies 
distribution during (a) slow and (b) rapid rates of 
relative sea-level rise in the Lake Mead region. Diagrams 
(a) and (b) share the same explanation. All slopes are 
exaggerated in these diagrams.
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implies (1) a slow subsidence rate, (2) basin uplift, or 
(3) a falling eustatic sea level. Conversely, a rising 
relative sea level suggests a rapid subsidence rate or a 
rising eustatic sea level.
The proposed depositional model also assumes an 
essentially constant influx rate of terrigenous 
siliciclastic sediments.
As illustrated in Figure 28a, the thinly bedded, 
friable reddish sandstones of facies A were deposited in a 
shallow-subtidal setting on the subdued surface of the 
Precambrian crystalline basement in response to a 
relatively slow rate of relative sea-level rise. At this 
time, the latter rate appears to have about equalled the 
rate of terrigenous siliciclastic sedimentation. The 
shallow-subtidal sands of facies A accumulated to much 
greater thicknesses in northern than in southern portions 
of the study area, where facies A is absent at the base of 
the Tapeats.
With a continued slow rate of relative sea-level rise, 
the shallow-subtidal to low-intertidal, cross-bedded sands 
of facies B began accumulating. Facies B appears to have 
prograded generally northward and seaward across the Lake 
Mead region over areas formerly blanketed by the shallow- 
subtidal sands of facies A (Fig. 28a & b).
With a continued slow rate of relative sea-level rise, 
this seaward progradation persisted and the bioturbated
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intertidal sands of facies C were deposited (Fig. 28b). 
These sands appear to have formed the landward edge of the 
extensive, shallow-subtidal to intertidal, siliciclastic 
sand belt jointly recorded by facies A, B, and C.
Shoreward of this belt and possibly protected by it, a 
complex association of siliciclastic mud, silt, and patchy 
sand (facies D and F) accumulated on a broad tidal flat 
(Fig. 28b).
Subsequently, the rate of relative sea-level rise 
appears to have increased, such that it eventually 
exceeded the sedimentation rate of terrigenous 
siliciclastics . A generally east-west trending belt of 
intertidal siliciclastic sands (facies E) consequently 
developed on the tidal flat near the middle of the study 
area (Fig. 28c). This sand belt appears to have prograded 
toward the south and east, blanketing areas formerly 
covered by the siliciclastic sand and mud of facies D and 
F (Fig. 28d).
The increase in the rate of relative sea-level rise 
caused the "trapping" of terrigenous siliciclastic 
sediments in coastal areas of the Cambrian shelf in much 
the same manner that rapid post-Pleistocene sea-level rise 
has caused siliciclastic-sediment starvation in offshore 
areas of most modern continental shelves (Emery, 1968; 
Kraft, 1978). With terrigenous siliciclastics now largely 
confined to the Cambrian coastline, carbonates began
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accumulating in an apparently east-west trending belt 
lying near the middle of the Lake Mead region (Pig. 28e). 
The initiation of carbonate accumulation appears to have 
been heralded by the deposition of intertidal, calcareous, 
siliciclastic silt and sand (facies H ) . These deposits 
are interpreted to represent a mixing zone between 
terrigenous siliciclastics and carbonates.
With a continued rapid rate of relative sea-level 
rise, the calcareous silt and sand of facies H graded into 
the shallow-subtidal to intertidal grainstones of facies 
G, which are commonly cross-stratified where closely 
associated with facies H. A persistent rapid rate of 
relative sea-level rise led to the swift seaward 
(northward) and shoreward (southward) spread of the 
carbonate-accumulation area and to its eventual blanketing 
of the entire Lake Mead region.
The rate of relative sea-level rise then appears to 
have slowed somewhat, such that it was significantly 
slower than the carbonate sedimentation rate for a brief 
period. This short-term disequilibrium condition appears 
to have triggered three essentially contemporaneous 
sedimentologic events: (1) the partial "escape" of
terrigenous siliciclastic sediments from their coastal 
confinement, (2) the slowing or cessation of the expansion 
of the shallow-subtidal to intertidal grainstones of 
facies G, and (3) the rapid building of these carbonate
158
sediments to sea level (Fig. 28f). The first and second 
of these events are indicated by the presence of an 
interval of intertidal calcareous siltstone and sandstone 
(facies H) lying near the middle of the Lyndon Limestone 
in southeastern portions of the Lake Mead region (Fig.
11). This interval appears to form a north-northwestward 
extending tongue that pinches out near the middle of the 
study area (Figs. 5 & 7). Event number three is 
documented by the presence of intertidal to supratidal 
algal carbonates (part of facies I) at essentially the 
same stratigraphic horizon (i.e., the middle portion of 
the Lyndon Limestone) at Frenchman Mountain (Fig. 11).
The rate of relative sea-level rise then appears to 
have briefly increased, "drowning" the intertidal to 
supratidal algal growth represented by facies I, stemming 
the north-northwestward progradation of calcareous 
siliciclastics (facies H), and once again permitting the 
shallow-subtidal to intertidal carbonate sands of facies G 
to blanket the study area.
A significant temporal break in deposition 
subsequently appears to have occurred, based on the 
ubiquitously sharp contact between facies G and F at the 
Lyndon-Chisholm boundary (Fig. 11). This hiatus 
apparently represents a period of non-deposition rather 
than accumulation and subsequent removal because the 
facies contact at the above stratigraphic horizon is not
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erosional. The abrupt cessation of carbonate accumulation 
implies that conditions suddenly (in a geologic sense) 
became unfavorable for the growth of carbonate-producing 
organisms on that portion of the Cambrian shelf now lying 
within the study area. Such an occurrence is probably 
attributable to a rapid seaward influx of terrigenous 
siliciclastic sediments in response to an abrupt decrease 
in the rate of relative sea-level rise. This second major 
release of terrigenous siliciclastics from their coastal 
confinement allowed the siliciclastic mud and sand of 
facies F to prograde rapidly seaward and generally 
northward over areas of the Cambrian shelf formerly 
blanketed by carbonate sediments (Fig. 28g).
The Tapeats-Pioche-Lyndon-Chisholm succession of the 
Lake Mead region thus seemingly represents a series of 
sedimentologic responses to variation in the rates of 
relative sea-level rise and sedimentation. When the rate 
of relative sea-level rise was slow such that it 
approximately equalled the siliciclastic sedimentation 
rate, terrigenous siliciclastic deposits accumulated 
across the Cambrian shelf (Fig. 29a). When the rate of 
relative sea-level rise was rapid such that it exceeded 
the terrigenous siliciclastic sedimentation rate but 
approximately equalled the carbonate sedimentation rate, 
terrigenous siliciclastic sediments became "trapped" in 
coastal areas of the shelf. This condition allowed
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carbonates, which can sustain only minor contamination by 
siliciclastics before carbonate-producing organisms cease 
growing, to begin accumulating (Fig. 29b). Sea-level fall 
and basin uplift are not proposed here as possible 
explanations for the observed depositional pattern because 
formational contacts appear to rise stratigraphically 
relative to biostratigraphic assemblage zones from west to 
east across the study area (Fig. 5). This implies that 
relative sea level was generally rising during the Early 
and Middle Cambrian in the Lake Mead region.
161
CONCLUSIONS
Stratigraphy
Four lithologically heterogeneous, stratigraphically 
conformable formations are recognized within Lower and 
Middle Cambrian strata of the Lake Mead region. The 
oldest of these, the Lower Cambrian Tapeats Sandstone, 
typically consists of a brownish weathering, cross­
stratified, medium- to thick-bedded, medium- to coarse­
grained, texturally supermature, silica-cemented 
quartzarenite. The gradationally overlying, Lower and 
Middle Cambrian Pioche Shale dominantly consists of 
greenish or reddish mudrock intercalated with thin lenses 
or beds of cross-laminated, glauconitic sandstone. The 
gradationally overlying, Middle Cambrian Lyndon Limestone 
generally consists of light brown or light gray 
weathering, medium- to thick-bedded, very well indurated, 
partially to completely recrystallized and dolomitized 
limestone. The youngest unit studied, the slope-forming 
Middle Cambrian Chisholm Shale, sharply but conformably 
overlies the Lyndon Limestone and primarily consists of 
greenish or reddish clayshale or mudshale interbedded with 
thin grainstone lenses and beds.
No well-defined, regional thickness trends were 
discerned in either the Tapeats Sandstone or the 
gradationally overlying Pioche Shale, although the 
thickness of the former unit shows evidence of control by
1 6 2
the topography of the Proterozoic depositional surface.
The Lyndon and Chisholm formations, however, exhibit 
antithetic thickness trends that suggest the existence of 
a generally east-west oriented carbonate bank near the 
middle of the region during the early Middle Cambrian.
Paleoenvdronments 
Nine intergradational lithofacies have been recognized 
within Lower and Middle Cambrian strata of the Lake Mead 
region. Each of these facies is thought to record shallow- 
subtidal, intertidal, or possibly supratidal depositional 
settings. Based on vertical facies relationships, the 
depositional model proposed for these lithofacies involves 
the seaward progradation of terrigenous siliciclastic 
sediments and the expansion of carbonate sedimentation 
areas in response to variation in the rates of relative 
sea-level rise and sedimentation. When the rate of 
relative sea-level rise was slow, terrigenous 
siliciclastic sand, silt, and mud were deposited 
throughout that portion of the Cambrian shelf that now 
lies within the study area. When the rate of relative sea- 
level rise was rapid, offshore areas of the Cambrian shelf 
were starved of terrigenous siliciclastics such that 
carbonates could then accumulate. The processes of basin 
uplift and sea-level fall are rejected as possible 
explanations for the depositional patterns exhibited by
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Lower and Middle Cambrian rocks in the study area because 
formational contacts appear to rise relative to 
biostratigraphic zones in this region.
APPENDIX A 
SECTION LOCATION MAPS
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Strat igraphic section name: Diamond Bar Ranch
Source: Grapevine Canyon, Ariz., (1968) U. S. Geol. Surv.
topographic map 
Scale: 1:24,000 
Contour interval: 40 feet
Location: El/2, Wl/2, Sec. 22, T29N, R16W
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Stratigraphic section name: Devil's Cove 
Source: Iceberg Canyon, Nev.-Ariz., Provisional Edition 
(1983) U. S. Geol. Surv. topographic map 
Scale: 1:24,000 
Contour interval: 10 meters
Location: lat. 36° 10', long. 114° 06' (unsurveyed)
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Strati graphic section name: Garden Wash 
Source: Azure Ridge, Nev.-Ariz., Provisional Edition 
(1983) U. S. Geol. Surv. topographic map 
Scale: 1:24,000 
Contour interval: 10 meters
Location: lat. 36° 19 ', long. 114 06' (unsurveyed)
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Strati graphic section name: Tramp Ridge
Source: Gold Butte, Nev., Provisional Edition (1984) U. S.
Geol. Surv. topographic map 
Scale: 1:24,000 
Contour interval: 10 meters
Location: NE1/4, Sec. 7, T19S, R70E (unsurveyed)
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T A\ I N S
Strati graphic section name: Whitney Ridge
Sources: (1) Virgin Peak, Nev.-Ariz., Provisional Edition 
(1983) U. S. Geol. Surv. topographic map (upper third 
of section map); (2) St. Thomas Gap, Nev.-Ariz., 
Provisional Edition (1984) U. S. Geol. Surv. 
topographic map (lower two-thirds of section map) 
Scale: 1:24,000 (both source maps)
Contour interval: 10 meters (both source maps)
Location: SEl/4, SE1/4, Sec. 33, T16S, R71E and SW1/4, 
Sec. 34, T16S, R71E
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Stratigraphic section name: Nickel Creek
Source: Riverside, Nev., Provisional Edition (1983) U. S.
Geol. Surv. topographic map 
Scale: 1:24,000 
Contour interval: 10 meters
Location: Nl/2, Nl/2, Sec. 10, T15S, R70E and SE 1/4, 
SE1/4, Sec. 3, T15S, R70E
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Stratigraphic section name: Davidson Peak 
Source: Davidson Peak, Nev., (1969; photoinspected 1980) 
U. S. Geol. Surv. topographic map 
Scale: 1:24,000 
Contour interval: 40 feet
Location: lat. 53° 30', long. 114° 21' (unsurveyed)
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Stratigraphic section name: Frenchman Mountain 
Sources: (1) Las Vegas NE, Nev., (1967; photorevised 1973) 
U. S. Geol. Surv. topographic map (western £our-fifths 
of section map); (2) Frenchman Mtn., Nev., (1970; 
photorevised 1983) U. S. Geol. Surv. topographic map 
(eastern fifth of section map)
Scale: 1:24,000 (both source maps)
Contour interval: (1) 20 feet; (2) 40 feet 
Location: NE1/4, NE1/4, Sec. 26, T20S, R62E and SE1/4, 
SE1/4, Sec. 23, T20S, R62E
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Stratigraphic section name: Sheep Mountain
Source: Roach, Nev., Provisional Edition (1985) U. S.
Geol. Surv. topographic map 
Scale: 1:24,000 
Contour interval: 10 meters
Location: Wl/2, Sec. 32, T25S, R60E (unsurveyed)
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APPENDIX B 
STRATIGRAPHIC SECTIONS
DIAMOND BAR RANCH
(Measured about 1 km northeast of Diamond Bar Ranch in the
Grapevine Canyon, Arizona, 7.5' topographic quadrangle;
El/2, Wl/2, Sec. 22, T29N, R16W.)
Muav Limestone (incomplete): Meters
37. Limestone; weathers very light gray (N8) and 
pale grayish orange (10R8/4) in mottled 
pattern; thinly bedded, cliff-forming, well- 
exposed; bioturbated........................Unmeasured
Chisholm Shale:
36. Clayshale (60%) and mudshale (40%). Clayshale 
is dark grayish red (10R3/2). Mudshale is 
grayish olive green (5GY3/2). Clayshale 
dominant in lower 1/2; mudshale dominant in 
upper 1/2. Both are papery thin. Unit is 
slope-forming and very poorly exposed.
Gradational upper contact........................34.50
Total of Chisholm Shale.................... 34 . 50
Lyndon Limestone:
35. Dolostone; Meriwitica Tongue of McKee (1945); 
grayish orange pink (5YR7/2) fresh, light brown 
(5YR5/6) weathered; very thin to thick-bedded 
but mostly thick bedded; very well indurated; 
finely crystalline in hand specimen; 
glauconitic (about 5%); slightly calcareous; 
very dense (sample DB-20). Basal 53 cm 
parallel-laminated; remaining portion shows 
occasional Skolithos tubes that are 1 mm in 
diameter and hollow. Thin-section shows that 
rock is medium sand-sized, recrystallized 
pelmicrite/lime-packstone; about 45% hematite,
10% ankerite and dolomite. Unit cliff-forming 
with sharp upper contact.......................... 5.01
34. Sandstone with minor siltstone partings (5%). 
Sandstone is pale yellowish brown (10YR6/2) 
fresh, grayish orange pink (5YR7/2) weathered; 
very thin to thin-bedded but mostly thin- 
bedded; well-indurated; very fine sand to fine 
sand-sized; glauconitic (10%); slightly 
calcareous; very thinly parallel-laminated;
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commonly bioturbated. Siltstone partings are 
pale olive (10Y6/2). Sedimentary structures 
include primary current lineations 
(paleocurrent directions N15W/S15E and 
N01E/S01W), ball-and-pillow structures, 
convolute bedding, lingoid current ripplemarks, 
symmetrical wave ripplemarks (slightly sinuous,
5-6 cm wavelength, 5 mm amplitude), 
interference ripples, and Planolites. Unit is 
cliff-forming and very well exposed.
Gradational upper contact......................... 4.90
33. Siltstone (60%), sandstone (30%), and clayshale 
(10%). Clayshale and siltstone is pale olive 
(10Y6/2) to grayish olive (10Y4/2). Sandstone 
is yellowish gray (5Y7/2) fresh and pale brown 
(5YR5/2) weathered; very thin to thin-bedded; 
moderately indurated; very fine-grained; very 
well sorted; glauconitic (3%); bioturbated; and 
slightly calcareous (sample DB-19). Sandstone 
occurs as thin lenses. About 150 cm above base 
is 40 cm-thick, orange-weathering dolostone as 
at 32. Unit is slope-forming and poorly 
exposed. Upper contact placed at base of upper 
Lyndon cliff.........................................6.33
32. Dolostone (80%; upper 420 cm) and siltstone to 
sandstone (20%; lower 100 cm). Tincanebits 
Tongue of McKee (1945). Dolostone is medium 
light gray (N6) fresh, light brown (5YR5/6) to 
moderate brown (5YR4/4) weathered; medium to 
very thick bedded; very well indurated; 
coarsely crystalline; partially recrystallized; 
dense (sample DB-17). Siltstone and sandstone 
is very light gray (N8) fresh and yellowish 
gray (5Y8/1) weathered, thin-bedded, silt to 
very fine sand-sized, very well sorted, 
glauconitic (2%; sample DB-18). Sedimentary 
structures include abundant oncolites in the 
dolostones of the upper 2 m of the unit (1 to
1.5 cm diameter) and 3 to 4 cm-thick cross 
laminasets (tabular-shaped sets with planar 
foresets and tangential to angular foreset 
contacts; foresets N75W/21°SW) and symmetrical 
wave ripplemarks (wavelength 5 to 6 cm, 
amplitude 5 mm; current direction N17E or S17W) 
in the siltstones and sandstones near the base 
of the unit. Unit is cliff-forming and very 
well exposed. Upper contact placed at 
uppermost medium bedded orange dolostone.......5.20
Total of Lyndon Limestone ?ldi
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Pioche Shale:
31. Mudshale (70%) and siltstone (30%). Mudshale 
is olive gray (5Y4/1), micaceous, and papery. 
Siltstone is grayish red (5R4/2) or pale olive 
(10Y6/2) and micaceous. Unit is very thinly 
bedded, slope-forming, and very poorly 
exposed. Gradational upper contact.............5.10
30. Sandstone; grayish red (5R4/2), thin to medium 
bedded, poorly to well-indurated, very fine­
grained, glauconitic (20%), micaceous, 
calcareous. Sedimentary structures include 
wavy bedding and primary current lineations.
Unit is ledge-forming, fairly well exposed, and 
has a sharp upper contact......................... 1.10
29. Siltshale and siltstone; pale olive (10Y6/2) or 
grayish red (5R4/2); very thinly bedded; 
micaceous. Unit is slope-forming and very 
poorly exposed. Gradational upper contact.... 3.67
28. Sandstone; Diamond Bar Sandstone Member (type 
locality). Grayish red (5R4/2) fresh and 
weathered, thin to thick-bedded (mostly 
medium), poorly to well-indurated, very fine­
grained, very well sorted, subrounded to 
rounded, glauconitic (3%), micaceous (3%), 
calcareous, platy (sample DB-16). Sedimentary 
structures include primary current lineations, 
wavy bedding, flaser bedding, convolute 
bedding. Unit is dominantly cliff-forming but 
is somewhat recessive in middle portions.
Sharp upper contact............................... 17.10
27. Sandstone (70%) and siltstone (30%). Sandstone 
is grayish orange pink (5YR7/2) fresh and very 
pale yellowish brown (10YR7/2) weathered, very 
thin to thin-bedded, fine-grained, glauconitic 
(25%), micaceous, calcareous, and platy.
Siltstone is greenish gray (5GY6/1) and 
micaceous. Sedimentary structures include 
lenticular- and wavy-bedding. Unit is slope- 
forming and poorly exposed. Gradational upper 
contact............................................... 8.97
26. Mudshale (70%), siltstone (20%), and sandstone 
(10%). Mudshale is dominantly grayish red 
(5R4/2) but is also grayish olive green 
(5GY3/2); micaceous, lenticular- to wavy- 
bedded. Siltstone and sandstone is light gray 
(N7) fresh, very pale orange (10YR8/2)
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weathers, very thin to thin-bedded, silt to 
very fine sand-sized, well sorted, rounded, 
calcareous. Unit is slope-forming and poorly 
exposed. Near middle lies 13 cm-thick, coarse­
grained sandstone bed. Upper contact marked by 
color change.........................................6.39
25. Sandstone; yellowish gray (5Y8/1) fresh, pale 
orange (10YR7/2) weathered, thinly bedded at 
base to thickly bedded at top, well-indurated, 
fine-grained, micaceous, glauconitic (10%), 
calcareous, convolute-bedded. Unit is ledge- 
forming and well-exposed. Sharp upper 
contact...............................................0.76
24. Mudshale (70%), siltstone (15%), and sandstone 
(15%). Unit is pale red (5R6/2) fresh, grayish 
red (5R4/2) weathered, very thin to thin- 
bedded, clay to very fine sand-sized, very well 
sorted, subrounded, micaceous (1%), 
calcareous. Siltstones and sandstones are 
platy and show wrinkle marks, straight to 
sinuous symmetrical wave ripplemarks 
(wavelength 2.5 cm, amplitude 3 mm), and bi- 
lobed horizontal burrows (samples DB-15, DB-R, 
and DB-CB). Unit is slope-forming and poorly 
exposed. Gradational upper contact............ 7.01
23. Sandstone (60%) and siltstone (40%). Sandstone 
is pale brown (5YR5/2) fresh, pale yellowish 
brown (10YR6/2) to pale olive (10Y6/2) 
weathered, thin to medium-bedded, very fine­
grained, well sorted, subrounded, glauconitic 
(3%), calcareous, platy, very thinly parallel- 
laminated, and rarely cross-laminated in sets <
1 cm thick (sample DB-14). Siltstone is olive 
gray (5Y4/1) and micaceous. Sedimentary 
structures include primary current lineations 
(paleocurrent direction N19W), lingoid current 
ripplemarks, Interference ripplemarks, sinuous 
to catenary current ripplemarks (5 cm 
wavelength, 5 mm amplitude; paleocurrent trend 
N03W), Skolithos tubes (hollow, 1 to 2 mm 
diameter, up to 11 cm-long, and often with 
"lips" at upper end of burrows), Rusophycus,
Planolites, Cruziana, Diplichnites, lenticular, 
wavy, and flaser bedding. Unit is ledge- 
forming and well-exposed. Gradational upper 
contact marked by color change..................11.90
22. Siltstone and mudshale; olive gray (5Y4/1), 
very thinly bedded, micaceous. Sedimentary
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structures include Diplichnites (sample DB-TT) 
and abundant Planolites (up to 1.5 cm wide).
Unit is slope-forming and very poorly exposed. 
Gradational upper contact........................15.95
21. Mudshale (90%) and sandstone (10%). Mudshale 
is light olive gray (5Y5/2) and papery.
Sandstone is very pale orange (10YR8/2) to pale 
yellowish brown (10YR6/2) fresh, moderate brown 
(5YR4/4) weathered, thinly bedded, well- 
indurated, fine-grained, well sorted, 
subangular, glauconitic (10%), and slightly 
calcareous. Sedimentary structures include 
wavy- and flaser-bedding. Unit is slope- 
forming and fairly well exposed. Sharp upper 
contact...............................................0.85
20. Mudshale (75%), siltstone (20%), and sandstone 
(5%). Mudshale and siltstone is light olive 
gray (5Y5/2) and micaceous. Sandstone is 
moderate grayish olive (10Y5/2), very thinly 
bedded, very fine grained, glauconitic, and 
lens-like. Locally, there are a few thin (< 5 
cm-thick), intraformational conglomerate beds 
with flat, rounded, shale pebbles < 1 cm in 
diameter (sample DB-IG). Unit is slope-forming 
and poorly exposed. Gradational upper 
contact...............................................4.70
19. Sandstone; moderate grayish olive (10Y5/2), 
very thinly bedded, well-indurated, very fine 
to fine-grained, moderately sorted, subangular 
to subrounded, glauconitic (2%), slightly 
calcareous, micaceous (1%; sample DB-13). 
Sedimentary structures include tabular-shaped 
cross-bedding with angular foreset contacts and 
planar foresets (uppermost 9 cm of unit), 
Planolites, and Skolithos (1 to 2 mm diameter, 
hollow). Unit is ledge-forming and fairly well 
exposed. Sharp upper contact.................... 1.50
18. Mudshale (50%), siltstone (30%), and sandstone 
(20%). Unit is pale olive (10Y6/2) to grayish 
olive (10Y4/2), very thin to thin-bedded, 
micaceous, lenticular- to wavy-bedded, 
bioturbated, slope-forming, and very poorly 
exposed. Sandstone is very fine grained.
Skolithos tubes abundant in lower half of
unit. Gradational upper contact............... 20.51
17. Siltstone (50%) and sandstone (50%). Unit is 
light red (5R6/6) to moderate red (5R5/4)
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weathering, bioturbated, slope-forming, and 
poorly exposed. Sandstone is coarse-grained. 
Sedimentary structures include Skolithos tubes 
lenticular-, and wavy-bedding. Gradational 
upper contact....................................... 2 .70
/
Total of Pioche Shale 108.21
Tapeats Sandstone:
16. Quartzite; grayish orange pink (10R8/2) to pale 
red (5R6/2) fresh, moderate reddish brown 
(10R4/6) weathered, medium-bedded, well- 
indurated, medium to coarse-grained, well 
sorted, subrounded, slightly calcareous.
Skolithos tubes (7 mm diameter, 5 cm-long).
Unit is ledge-forming and fairly well exposed. 
Sharp upper contact................................ 0.57
15. Siltstone (60%), sandstone (30%), and mudshale 
(10%). Sandstone is pale olive (10Y6/2) to 
light brown (5YR5/6) to moderate red (5R4/6), 
thinly bedded, medium to coarse-grained, and 
bioturbated. Siltstone and mudshale are light 
olive gray (5Y5/2), very thinly bedded, and 
bioturbated. Sedimentary structures include 
lenticular bedding and abundant SkolLthos.
Unit is slope-forming and poorly exposed. 
Gradational upper contact......................... 2.27
14. Quartzite; very light gray (N8) fresh with pale 
brown (5YR5/2) and very pale orange (10YR8/2) 
bands; thickly bedded, well-indurated, coarse­
grained, well sorted, subrounded, calcareous. 
Sedimentary structures include cross-bedding 
sets up to 10 cm-thick (tabular-shaped, planar 
foresets, angular foreset contacts) and 
Skolithos tubes up to 7 cm-long. Unit is 
ledge-forming and well exposed. Sharp upper 
contact...............................................0 . 58
13. Siltstone (70%) and sandstone (30%). Siltstone 
is pale olive (10Y6/2), micaceous, and 
bioturbated. Sandstone is grayish red (5R4/2), 
medium-grained, and bioturbated. Unit is very 
similar to unit 11 and is slope-forming and 
poorly exposed. Wavy bedded. Gradational 
upper contact....................................... 1.84
12. Sandstone; brownish gray (5YR4/1) fresh,
moderate grayish red (5R5/2) weathered, thinly 
bedded, well-indurated, medium-grained, very
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well sorted, rounded, very slightly calcareous 
(sample DB-12). Unit is ledge-forming but 
poorly exposed. Sharp upper contact........... 0.10
11. Siltstone (70%) and sandstone (30%). Siltstone 
is pale olive (10Y6/2) very thin to thin- 
bedded, micaceous, and bioturbated. Sandstone 
is dusky yellow (5Y6/4) or moderate red (5R5/4) 
fresh, thin-bedded, well-indurated, medium to 
coarse-grained, moderately sorted, subrounded, 
and bioturbated. Sedimentary structures 
include locally abundant Skolithos tubes and 
lenticular to wavy bedding. Unit is slope- 
forming and poorly exposed. Gradational upper 
contact............................................... 7.40
10. Siltstone (50%) and sandstone (50%). Sandstone 
is grayish pink (5R8/2) to moderate red (5R5/4 
and 5R4/6), medium to thick-bedded, moderately 
to well indurated, fine-grained, moderately 
sorted, subangular, slightly calcareous, 
micaceous, and shows liesegang rings (sample 
DB-11). Siltstone is pale olive (10Y6/2), 
thin-bedded. Abundant Arenicoloides on 
sandstone beds. Unit is slope- to ledge- 
forming, poorly to well exposed. Gradational 
upper contact....................................... 3.20
9. Sandstone; very light gray (N8) fresh, grayish 
orange pink (5YR7/2) to pale yellowish brown 
(10YR6/2) weathered, thick-bedded, very well 
indurated, medium-grained, well sorted, 
rounded, slightly calcareous, with satiny 
luster (sample DB-10). Very thinly cross­
laminated in wedge- to tabular-shaped sets 4 to 
20 cm-thick with tangential foreset contacts 
and planar foresets. Unit is cliff-forming and 
very well exposed. Sharp upper contact....... 0.84
8. Sandstone; grayish pink (5R8/2) to moderate red 
(5R5/4) fresh and weathered, thin to medium- 
bedded, well indurated, medium-grained, well 
sorted, rounded, slightly calcareous (sample 
D B - 9 ). Unit is slope-forming and poorly 
exposed. Gradational upper contact............ 0.60
7. Quartzite; very light gray (N8) fresh, light 
brown (5YR6/4) weathered, thick-bedded, very 
well indurated, medium-grained, well sorted, 
rounded, slightly calcareous (sample DB-8).
Very thinly cross-laminated in tabular-shaped 
sets up to 20 cm-thick. Arenlcoloides
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abundant. Unit is cliff-forming and fairly 
well to well exposed. Sharp upper contact.... 2.83
6. Quartzite (90%) and siltstone (10%). Quartzite 
is pale olive (10Y6/2) to pale brown (5YR5/2) 
fresh, moderate red (5R5/4) to light brown 
(5YR5/6) weathered, thin to medium-bedded, 
well-indurated, medium-grained, moderately 
sorted, rounded, slightly calcareous, and 
bioturbated (sample DB-7). Siltstone is pale 
olive gray (5Y6/2) fresh and weathered, very 
thinly bedded, micaceous, non-calcareous. Unit 
is slope-forming and poorly exposed.
Gradational upper contact......................... 2.15
5. Sandstone; pale red (5R6/2) with light brown 
(5YR5/6) spots fresh, very pale orange 
(10YR8/2) to dusky brown (5YR2/2) or pale red 
(5R6/2) to grayish red (10R4/2) weathered, 
medium to very thick-bedded, very well 
indurated, medium sand to very fine pebble 
gravel-sized (coarse sand average), well 
sorted, subrounded, strongly calcareous, 
bioturbated (sample DB-6). Sedimentary 
structures include Skolithos tubes (1 to 2 mm 
in diameter and hollow), Arenicoloides, and 
cross-bedding with wedge- to tabular-shaped 
sets up to 20 cm-thick (planar foresets with 
angular contacts). Rare co-flow laminae. Unit 
is cliff-forming and very well exposed. Sharp 
upper contact...................................... 11.90
4. Quartzite; pale red (5R6/2) with light brown 
(5YR5/6) spots fresh, grayish red (5R4/2) 
weathered, thick to very thick bedded, very 
well indurated, medium-grained, very well 
sorted, rounded to well rounded, slightly 
calcareous, bioturbated (sample DB-5).
Sedimentary structures include very thin 
parallel-laminae, Skolithos tubes (shallow, 
hollow, 1 to 2 mm-diameter pits),
Arenicoloides, and cross-bedding (tabular­
shaped sets with planar foresets and angular 
foreset contacts). Unit is cliff-forming and 
very well exposed. Sharp upper contact........3.75
3. Quartzite; grayish orange pink (5R8/2) with 
light brown (5YR5/6) spots, medium to very 
thick bedded, very well indurated, fine sand to 
fine pebble gravel-sized (coarse sand average), 
well sorted, subrounded, slightly calcareous 
(sample DB-4). Abundant wedge- to trough-
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shaped cross-beds up to 20 cm-thick. Unit is 
cliff-forming and very well exposed. Sharp 
upper contact........................................2.20
2. Quartzite; pinkish gray (5YR8/1) fresh and 
grayish pink (5R8/2) weathered, medium to 
thick-bedded, very well indurated, fine sand to 
very fine pebble gravel-sized (coarse sand 
average), well sorted, subrounded, calcareous, 
bioturbated (sample DB-3). Skolithos (shallow, 
hollow, 1 to 2 mm-diameter pits) and cross-beds 
generally 10 cm-thick (wedge-shaped sets with 
trough to planar foresets and tangential 
foreset contacts). Unit is cliff-forming and 
very well exposed. Sharp, erosive upper 
contact............................................... 2.32
1. Quartzite; grayish red (5R4/2) to blackish red 
(5R2/2) or very pale orange (10YR8/2) with dark 
yellowish orange (10YR6/6) spots fresh, very 
pale orange (10YR8/2) and grayish red (10R4/2) 
weathered, thick to very thick bedded, very 
well indurated, medium sand to medium pebble 
gravel-sized, well sorted, subrounded, 
calcareous, liesegang banded (sample DB-2).
Very thinly cross-bedded in wedge-to trough­
shaped sets 5 to 15 cm-thick. Troughs 
generally 3 cm-thick and 20 cm-wide. Unit is 
cl iff-forming and very well exposed. Sharp 
upper and basal contact........................... 3.50
Total of Tapeats Sandstone..................46.05
Precambrian crystalline basement:
0. Biotite gneiss; moderate orange pink (10R7/4) 
and medium dark gray (N4) fresh, light brown 
(5YR5/6) weathered, coarsely crystalline 
(sample DB-1). Forms subdued rounded hills. 
Rapakivi granite very similar to Gold Butte 
granite also observed in this vicinity.
DEVIL'S COVE
(Measured approximately 1.2 km northeast of Devil's Cove 
campground in the Iceberg Canyon, Nevada-Arizona, 7.5* 
topographic quadrangle; latitude 36 10', longitude 114
06', unsurveyed.)
Muav Limestone (incomplete): Meters
32. Limestone; medium light gray (N6) fresh,
light gray (N7) weathered, thick-bedded, very 
well indurated, strongly calcareous, partially 
recrystallized, sugary textured, highly 
fractured. Unit is cliff-forming and very well 
exposed....................................... Unmeasured
Chisholm Shale:
31. Clayshale (90%) and skeletal-fragment limestone 
(10%). Clayshale is olive gray (5Y3/2) or 
grayish olive (10Y4/2), papery thin. Skeletal- 
fragment limestone is medium light gray (N6) 
fresh, moderate yellowish brown (10YR5/4) 
weathered, coarsely crystalline, very thin 
bedded, strongly calcareous. Thin-section 
shows limestone is trilobite-echinoid fragment 
biosparrudite/lime-packstone. Unit is 
lenticular-bedded, slope-forming, and poorly 
exposed. Gradational upper contact.............4.05
30. Limestone conglomerate; clasts are medium light 
gray (N6) fresh, matrix is moderate yellowish 
brown (10YR5/4) to light brown (5YR5/6) fresh. 
Clasts are typically discoid and 4 mm thick, 2 
cm long, 2 cm diameter (sample DC-30). Thin- 
section shows rock is intramicrudite/lime- 
packstone. Unit is weak ledge-forming and 
poorly exposed. Sharp upper contact........... 0.10
29. Oncolitic limestone; medium gray (N5) and light 
brown (5YR5/6) where ankerite replaces 
oncolites; also dusky green (5G3/2) glauconite 
grains; thin to medium-bedded, well indurated; 
very coarse sand-sized oncolites at top; very 
fine pebble-sized elsewhere; strongly 
calcareous (samples DC-27 and DC-28). Thin- 
section shows rock is fossiliferous (trilobite, 
echinoid, Chancelloria) intramicrudite or 
intrasparrudite/lime-wackestone with 2 to 20% 
dolomite/ankerite and 2 to 3% glauconite. Unit 
is weak ledge-forming and poorly exposed.
Sharp upper contact................................ 1.03
28. Clayshale (90%) and skeletal-fragment limestone 
(10%). Clayshale is olive gray (5Y3/2) or 
grayish olive (10Y4/2), papery thin. Limestone 
is medium light gray (N6) fresh, moderate 
yellowish brown (10YR5/4) weathered, very thin 
bedded, coarsely crystalline, strongly
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calcareous. Unit is lenticular-bedded, slope- 
forming, very poorly exposed. Sharp upper 
contact.............................................. 1.15
27. Oncolitic limestone; medium gray (N5) with
light brown (5YR5/6) replaced oncolites fresh, 
thin to medium-bedded, well indurated, strongly 
calcareous (sample DC-27). Unit is weak ledge- 
forming and poorly exposed. Sharp upper 
contact.............................................. 0.25
26. Clayshale (90%) and skeletal-fragment limestone 
(10%). Clayshale is dark grayish red (5R3/2), 
olive gray (5Y3/2), or grayish olive (10Y4/2); 
papery thin. Limestone is medium light gray 
(N6) fresh, moderate yellowish brown (10YR5/4) 
weathered, very thin bedded, coarsely 
crystalline, strongly calcareous (sample DC- 
29). Thin-section shows that rock is 
trilobite-echinoid fragment biosparrudite/
1ime-packstone locally replaced by ankerite.
Unit is lenticular-bedded, slope-forming, very 
poorly exposed. Sharp upper contact...........9.60
Total of Chisholm Shale...................  16 .18
Lyndon Limestone:
25. Dolostone; pale yellowish brown (10YR6/2) fresh 
[with moderate red (5R5/4 to 5R4/6) fracture- 
linings], light brown (5YR5/6) weathered, 
thick-bedded, very well indurated, non- 
calcareous (sample DC-25). Thin-section shows 
that rock is completely recrystallized by 
medium crystalline dolomite; ghosts of medium 
sand-sized peloids present. Unit is cliff- 
forming and very well exposed. Sharp upper 
contact.............................................  1.65
24. Dolostone; medium gray (N5) fresh, grayish
orange (10YR7/4) weathered, thin-bedded, well 
indurated, non-calcareous, very dense (sample 
DC-24). Thin-section shows rock is completely 
recrystallized by medium crystalline dolomite; 
ghosts of very fine sand-sized peloids present;
0.1% glauconite. Unit is recessive and poorly 
exposed. Sharp upper contact.................... 1.30
23. Dolostone; medium light gray (N6) fresh with 
moderate red (5R4/6), hematite-lined vugs and 
fractures; light brown (5YR5/6) to grayish 
orange (10YR7/4) weathered; medium (at base) to
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thick-bedded; very well indurated; non- 
calcareous; vuggy (sample DC-23). Thin-section 
shows that rock is completely recrystallized by 
medium crystalline dolomite; ghosts of very 
fine sand-sized peloids. Unit is cliff-forming 
and very well exposed. Sharp upper contact... 4.95
22. Dolomitic sandstone; grayish orange pink
(5YR7/2) fresh [some rocks altered pale red 
(10R6/2) fresh]; mottled black (Nl), light red 
(5R6/4), and light brown (5YR6/4) weathered; 
very thin to medium-bedded (thickens upward), 
well indurated, very fine grained, very well 
sorted, slightly calcareous, unevenly bedded 
(sample DC-22). Thin-section shows that rock 
contains about 75% quartz, 25%
dolomite/ankerite, and 2% glauconite. Unit is 
often parallel-laminated where medium-bedded.
Unit is recessive and fairly well exposed. 
Gradational upper contact.........................8.37
21. Dolostone; medium gray (N5) fresh [with
moderate reddish orange (10R6/6), hematite- 
lined vugs and fractures] moderate yellowish 
brown (10YR5/4) to light brown (5YR5/6) 
weathered, thin to thick-bedded (thins upward), 
very well indurated, coarsely crystalline, non- 
calcareous, unevenly bedded, dense (sample DC- 
21). Thin-section shows that rock is 
completely recrystallized by coarsely 
crystalline dolomite; ghosts of fine sand-sized 
peloids. Unit is cliff-forming and very well 
exposed. Gradational upper contact.............6.22
20. Dolostone; medium gray (N5) fresh [with
moderate red (5R4/6), hematite-lined vugs and 
fractures], grayish orange (10YR7/4) to light 
brown (5YR5/6) weathered, thin to medium-bedded 
(thickens upward), well indurated, unevenly 
bedded, non-calcareous. Rock appears to have 
been completely recrystallized by coarsely 
crystalline dolomite. Unit is recessive and 
fairly well to poorly exposed. Gradational 
upper contact....................................... 0.86
19. Dolostone; medium gray (N5) fresh [with
moderate red (5R4/6), hematite-lined vugs and 
fractures], light brown (5YR5/6) weathered, 
thick-bedded, well indurated, calcareous 
(sample DC-20). Thin-section shows that rock 
is completely recrystallized by medium to 
coarsely crystalline dolomite; ghosts of fine
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sand-sized peloids. Unit is cliff-forming and 
well-exposed. Sharp upper contact..............0.74
18. Calcareous sandstone; mottled light brown 
(5YR5/6) and dark yellowish brown (10YR4/2) 
fresh, very light brown (5YR7/4) weathered with 
black (Nl) streaks, very thin to thin-bedded, 
friable to fairly well indurated, very fine 
grained, well sorted, subrounded, strongly 
calcareous, unevenly bedded, glauconitic 
(sample DC-19). Thin-section shows that rock 
contains about 60% quartz, 20% glauconite, 10% 
dolomite, and 10% calcite. Unit is cliff- 
forming and fairly well exposed. Sharp upper 
contact............................................... 3.82
Total of Lyndon Limestone...................27.91
Pioche Shale:
17. Interbedded mudshale, mudstone, and siltstone; 
dusky yellow green (5GY5/2) fresh and 
weathered, papery thin to very thin bedded, 
bioturbated, strongly calcareous, micaceous.
Unit is lenticular- to wavy-bedded, slope- 
forming, and very poorly exposed. Gradational 
upper contact........................................5.01
16. Siltstone; grayish red (10R4/2) fresh, dark
grayish red (10R3/2) weathered, thin to medium- 
bedded, moderately indurated, very well sorted, 
subangular, slightly calcareous, micaceous (2% 
muscovite), flaggy (sample DC-18). Sedimentary 
structures include very thin parallel- 
laminations, flaser-bedding, and primary 
current lineations. Unit is weak cliff-forming 
and fairly well exposed. Sharp upper 
contact............................................... 2 . 52
15. Mudshale, mudstone, and siltstone (80%) with 
sandstone lenses (20%). Mudrock is moderate 
grayish green (10GY6/2) fresh and weathered, 
micaceous. Sandstone is very pale orange 
(10YR8/2) with pale yellowish brown (10YR6/2) 
spots, silt to very fine sand-sized, very well 
sorted, subangular, micaceous (2% muscovite), 
calcareous (sample DC-17). Unit is lenticular- 
bedded, slope-forming and very poorly exposed. 
Gradational upper contact........................17.39
14. Mudshale (30%), siltstone (30%), and sandstone 
(40%). Mudshale and siltstone is grayish olive
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green (5GY3/2) fresh and weathered, papery 
thin. Sandstone is grayish yellow green 
(5GY7/2) or pale red (5R6/2) fresh, pale olive 
(10Y6/2) or grayish red (5R4/2) weathered, very 
thin to thin-bedded, very fine to fine grained 
(coarsens upward), well sorted, subrounded, 
non-calcareous, unevenly bedded, glauconitic 
(25%). Sedimentary structures include 
lenticular- to wavy-bedding (lower 186 cm) + 
primary current lineations and ripple cross­
laminations (lenticular-shaped sets 1 to 2 cm 
thick with tangential foreset-contacts) in 
upper 327 cm. Unit is slope-forming in lower 
1/2 and weak ledge-forming in upper 1/2. Sharp 
upper contact........................................5.13
13. Sandstone (95%) and mudshale (5%); Diamond Bar 
Sandstone Member. Sandstone is pale red 
(5R6/2) fresh, grayish red (5R4/2) weathered, 
very thin to medium-bedded, friable to 
moderately indurated, very fine grained, well 
sorted, subangular, micaceous (1% muscovite), 
calcareous, glauconitic (3%), flaggy (sample 
DC-16). Mudshale is grayish red (5R4/2), 
papery thin, micaceous, and restricted to basal 
2 m. Sedimentary structures include very thin 
parallel-laminations, wedge- or lenticular­
shaped cross-laminasets (with tangential 
foreset-contacts) up to 7 cm thick, primary 
current lineations. Unit is weak cliff-forming 
and well exposed. Sharp upper contact........10.81
12. Mudshale (90%) and sandstone (10%). Mudshale 
is light olive gray (5Y6/1) fresh, pale olive 
(10Y6/2) weathering, papery thin, micaceous. 
Sandstone is medium greenish gray (5G7/7) fresh 
with moderate brown (5YR4/4) spots, thin to 
medium-bedded, well indurated, fine-grained, 
well sorted, subrounded to rounded, non- 
calcareous, glauconitic (30%). Sedimentary 
structures include lenticular- to wavy-bedding, 
symmetrical wave ripplemarks, primary current 
lineations, very thin parallel-laminations, 
wedge- and lenticular-shaped cross-laminasets 
(with tangential foreset-contacts) up to 7 cm 
thick, Planolites. Unit is slope-forming and 
poorly exposed. Gradational upper contact...12.50
11. Sandstone; medium greenish gray (5G7/7) fresh 
with moderate brown (5YR4/4) spots, moderate 
greenish gray (5G7/1) weathered with moderate 
brown (5YR3/4), limonite-stained joint faces;
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thin to medium-bedded, well indurated, fine­
grained, well sorted, subrounded to rounded, 
non-calcareous, glauconitic (30%), micaceous on 
joint faces (sample DC-15). Sedimentary 
structures include flaser-bedding, lenticular­
shaped cross-laminasets with tangential 
foreset-contacts, herringbone cross-bedding.
Unit is ledge-forming and fairly well exposed. 
Sharp upper contact.......................  1.80
10. Clayshale, mudshale, and mudstone (80%) + 
sandstone (20%). Mudrocks are pale olive 
(10Y6/2), grayish olive (10Y4/2), grayish olive 
green (5GY3/2), or dark grayish red (5R3/2); 
papery thin, non-micaceous to micaceous.
Sandstone lenses are blackish red (5R2/2), very 
light gray (N8), or grayish green (10GY5/2) 
fresh, blackish red (5R2/2) or pale red 
(10R6/2) weathered, very thin to thin, very 
fine to medium-grained, moderately to well 
sorted, subangular to subrounded, locally 
glauconitic (3 to 5%), micaceous (1 to 3% 
muscovite and biotite), calcareous, bioturbated 
(samples DC-11, 12, 13, & 14). Sedimentary 
structures include lenticular- and wavy- 
bedding, very thin parallel-lamination,
Planolites, Skolithos. Skeletal-fragment 
sandstones (sample DC-SP) and intraformational 
shale conglomerates with fine pebble-sized 
clasts also observed. Unit is slope-forming 
and poorly exposed. Upper contact gradational 
over 60 c m .......................................... 30.88
9. Sandstone (70%) + mudshale and siltstone (30%). 
Sandstone is white (N9) and light brown 
(5YR5/6) spotted or grayish red (5R4/2) fresh; 
moderate brown (5YR4/4), grayish red (5R4/2), 
or moderate reddish orange (10R6/6) weathered; 
very thin to thin-bedded, friable or well 
indurated, medium to coarse-grained, well 
sorted, rounded, bioturbated, calcareous to 
strongly calcareous, liesegang banded (sample 
DC-10). Mudrock is pale olive (10Y6/2) and 
bioturbated. Sedimentary structures include 
Skolithos (1 cm diameter, 4.5 to 25 cm long,
2.5 to 7 cm apart) and biogenic cleavage. Unit 
is weak ledge-forming and fairly well exposed. 
Sharp upper contact..............................  2.58
Total of Pioche Shale 88.62
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Tapeats Sandstone:
8. Sandstone; white (N9) with dark reddish brown 
(10R3/4) to grayish red (5R7/2) spots fresh, 
grayish orange pink (10R8/2) with very dusky 
red (10R2/2) spots weathered, thin to medium- 
bedded, well indurated (at base) to friable (at 
top), medium to coarse-grained (coarsens 
upward), well sorted, subrounded, calcareous, 
liesegang banded (sample DC-9). Sedimentary 
structures include thin cross-laminasets 
(tabular-shaped with tangential foreset- 
contacts), local Skolithos, abundant 
Arenicoloides. Unit is ledge-forming and well 
exposed. Sharp upper contact.................... 0.88
7. Clayshale and mudstone (75%) + sandstone (25%). 
Mudrock is moderate yellowish brown (10YR5/4), 
pale olive (10Y6/2), or grayish red (10R4/2) 
fresh, moderate reddish orange (10R6/6) or pale 
olive (10Y6/2) weathered, micaceous, 
bioturbated. Sandstone is very thin to thin- 
bedded, well indurated, fine to medium-grained, 
well sorted, subrounded, slightly calcareous 
(sample DC-8). Unit is lenticular- to wavy- 
bedded, slope-forming, and poorly exposed. 
Gradational upper contact........................11.77
6. Sandstone; moderate reddish orange (10R6/6), 
grayish red (5R4/2), or grayish orange pink 
(10R8/2) fresh; grayish orange pink (5YR7/2) to 
dusky brown (5YR2/2) weathered; thin to thick- 
bedded, well indurated (lower 2.8 m) to friable 
(upper 2 m ) ,  medium to coarse-grained (coarsens 
upward), well sorted, subrounded, bioturbated 
(upper 2 m ) ,  slightly calcareous (sample DC- 
7). Cross-stratified sets range from 3 to 94 
cm thick and are lenticular- to wedge-shaped 
with tangential foreset-contacts (ripple cross­
laminations) to tabular-shaped with tangential 
foreset-contacts. Unit is ledge-forming and 
well exposed. Sharp upper contact.............. 4.80
5. Sandstone (70%) + mudshale and mudstone (30%). 
Mudrock is light olive (10Y5/4) or pale reddish 
brown (10R5/4). Sandstone is very pale olive 
(10Y7/2) or pale olive (10Y6/2) fresh; pale 
olive (10Y6/2), moderate brown (5YR3/4), or 
dark yellowish orange (10YR6/6) weathered; very 
thin to thin-bedded, very fine to coarse­
grained, moderately sorted, subrounded, non- 
calcareous, micaceous, bioturbated. One 20 cm-
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thick cross-bed set (tabular-shaped with planar 
foresets and angular foreset-contacts). Unit 
is slope-forming and poorly exposed.
Gradational upper contact......................... 3.04
4. Sandstone; very pale red purple (5RP6/2) fresh, 
pale red (10R6/2) weathered, medium to thick- 
bedded, well indurated, fine to very coarse­
grained (medium average), well sorted, 
subangular to subrounded, calcareous (sample 
DC-6). Coarse to very coarse-grained horizons 
1 to 2 cm thick are common. Sedimentary 
structures include very thin parallel- 
lamination and tabular-shaped cross-beds up to 
40 cm thick with tangential foreset-contacts.
Unit is slope- to weak ledge-forming and poorly
to fairly well exposed. Sharp upper
contact..............................................11.30
3. Quartzite; white (N9), pale yellowish brown 
(10YR6/2), or pale brown (5YR5/2) fresh; 
grayish brown (5YR3/2), pale yellowish brown 
(10YR6/2), pale brown (5YR5/2), or moderate 
brown (5YR3/4) weathered; medium to thick- 
bedded; well indurated; fine to medium sand­
sized with numerous very fine pebble-sized 
bands 1.5 cm thick; poorly to very well sorted, 
subangular to subrounded, slightly calcareous 
to calcareous (sample DC-5). Sedimentary 
structures include very thin parallel- 
laminations and cross-stratified sets generally 
3 to 20 cm thick (tabular, lenticular, or 
wedge-shaped with angular or tangential 
foreset-contacts. Unit is cliff-forming and 
very well exposed. Sharp upper contact.......19.38
2. Sandstone; pinkish gray (5YR8/1) fresh, very
pale orange (10YR8/2) weathered, medium to
thick-bedded, well indurated, fine to medium- 
grained, well to very well sorted, subrounded, 
calcareous, very thinly parallel-laminated, 
sugary textured (sample DC-4). Unit is 
recessive and fairly well exposed. Sharp upper 
contact............................................... 1.49
1. Quartz conglomerate; white (N9), very pale
orange (10YR8/2), or light brown (5YR5/6)
fresh; pale yellowish brown (10Y6/2) to grayish 
black (N2) weathered; thick-bedded, well 
indurated, medium sand to medium pebble-sized 
(fines upward), poorly to moderately sorted, 
angular to subrounded, calcareous, quartz-
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cemented (sample DC-3). Unit is ledge-forming 
and very well exposed. Sharp upper contact... 0.79
Total of Tapeats Sandstone..................53.45
Precambrian crystalline basement:
0. Biotite granite or granofels; moderate orange 
pink (10R7/4) fresh and weathered, friable, 
coarsely crystalline (sample DC-1). Locally 
near Precambrian-Cambrian contact lies a black, 
glossy schist. Precambrian-Cambrian contact 
very well exposed here; essentially flat-lying.
GARDEN WASH
(Measured about 1 km south of Garden Wash and 1 km 
southwest of the Azure Ridge mine in the Azure Ridge^ 
Nevada-Arizona, 7.5' topographic quadrangle; lat. 36 19',
long. 114 6'; unsurveyed).
Muav Limestone (incomplete): Meters
33. Limestone; "gray", thin-bedded........... Unmeasured
Chisholm Shale:
32. Clayshale (95%) and calcareous sandstone (5%). 
Clayshale; olive gray (5Y4/1), papery thin. 
Sandstone; very thin-bedded, very fine grained, 
strongly calcareous, lens-forming. Unit is 
lenticular-bedded, slope-forming, very poorly 
exposed. Gradational upper contact.............7.87
31. Oncolitic limestone; medium light gray (N6) 
fresh, grayish orange (10YR7/4) weathered, 
thick-bedded, very well indurated, strongly 
calcareous (sample GW-25). Oncolites < 2 cm in 
diameter. Thin-section shows rock is 30% 
dolomite and a fossiliferous (trilobites) 
intrasparrudite/lime-packstone. Unit is weak 
ledge-forming and poorly exposed. Sharp upper 
contact...............................................0.47
30. Clayshale (95%) and calcareous sandstone (5%). 
Clayshale; brownish gray (5YR4/1) or pale olive 
(10Y6/2), papery thin. Sandstone lenses; pale 
yellowish brown (10YR5/4) fresh, moderate 
yellowish brown (10YR5/4) weathered; very 
thin-bedded, very fine grained, strongly 
calcareous, very thinly parallel-laminated,
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glauconitic (10%). Unit is lenticular-bedded, 
slope-forming, very poorly exposed.
Gradational upper contact......................... 7.50
Total of Chisholm Shale..................... 15.84
Lyndon Limestone:
29. Limestone; medium gray (N5) fresh, medium light 
gray (N6) weathered except uppermost 100 cm 
where rocks weathers grayish orange (10YR7/4), 
thin to thick-bedded, very well indurated, 
strongly calcareous, highly fractured, 
conchoidal fracture, dense, partially 
recrystallized, apparently structureless 
(sample GW-24). Thin-section shows rock is 
comprised of fine sand-sized peloids of micrite 
in poikilotopic sparry calcite cement commonly 
replaced by silt-sized ankerite rhombs; 
recrystallized pelsparite or pelmicrite/lime 
mudstone. Unit is cliff-forming, very well 
exposed. Sharp upper contact.................... 4.90
28. Dolostone; yellowish gray (5Y7/2) fresh, 
grayish orange (10YR7/4) to light brown 
(5YR5/6) weathered, thick to very thick-bedded, 
very well indurated, coarsely crystalline, non- 
calcareous, highly fractured, completely 
recrystallized (GW-23). Thin-section shows 
rock is structureless, coarsely crystalline 
dolostone. Unit is cliff-forming, very well 
exposed. Gradational upper contact delineated 
by sharp color change............................ 26.60
27. Dolostone; medium light gray (N6) fresh, 
grayish orange (10YR7/4) or light brown 
(5YR5/6) weathered, medium-bedded, well 
indurated, weakly calcareous, bioturbated 
(rounded, blocky, earthy weathering), highly 
fractured (sample GW-22). Thin-section shows 
rock is recrystallized pelmicrite/lime mudstone 
with fine sand-sized peloid ghosts completely 
recrystallized to medium crystalline dolomite;
0.1% quartz silt. Unit is cliff-forming and 
well exposed. Sharp upper contact.............. 1.12
26. Dolostone; pale yellowish brown (10YR6/2)
fresh, grayish orange (10YR7/4) to light brown 
(5YR5/6) weathered, very thickly (at base) to 
medium-bedded (at top), very well indurated, 
weakly calcareous, very thinly parallel- 
laminated, recrystallized (sample GW-21).
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Thin-section shows rock is medium crystalline 
dolostone with fine sand-sized peloid ghosts;
0.1% quartz silt; dolomitized pelmicrite/lime 
mudstone. Unit is cliff-forming, very well 
exposed. Gradational upper contact.............4.85
25. Dolomitic sandstone; pale yellowish brown
(10YR6/2) fresh, grayish orange (10YR7/4) to 
light brown (5YR5/6) weathered, thin to thick- 
bedded, very well indurated, very fine grained, 
weakly calcareous, oncolitic, glauconitic 
(sample GW-20). Cross-laminated in wedge- 
shaped sets with tangential foreset-contacts up 
to 5 cm thick. Thin-section shows rock 
consists of about 60% quartz, 32% dolomite, 7% 
glauconite, and 1% muscovite; glauconitic, very 
fine dolomitic sandstone. Unit is cliff- 
forming, very well exposed. Sharp upper 
contact...... ............... ........................1.50
24. Limestone; pale yellowish brown (10YR6/2) 
fresh, grayish orange (10YR7/4) weathered, 
thin-bedded, well indurated, calcareous, 
unevenly bedded apparently structureless, 
extensively fractured (sample GW-19). Thin- 
section shows rock is partially to extensively 
recrystallized by sparry calcite and ankerite;
1 to 2% glauconite, 1% quartz silt; trilobite- 
echinoderm fragment biosparite/1ime packstone.
Unit is weak ledge-forming, fairly well
exposed. Sharp upper contact.................... 1.96
Total of Lyndon Limestone................... 40.93
Pioche Shale:
23. Mudshale to siltstone (90%) and sandstone 
(10%). Mudrock; light olive gray (5Y5/2), 
micaceous. Sandstone; pale red (10R6/2) to 
grayish red (10R4/2) fresh, grayish red 
(10R4/2) or grayish orange pink (5YR7/2) or 
pale red (5R6/2) weathered, thin to medium- 
bedded, fairly well indurated, fine-grained, 
well sorted, calcareous, micaceous, parallel- 
laminated. Unit is lenticular-bedded, slope- 
forming, very poorly exposed. Gradational 
upper contact........................................7.50
22. Sandstone; Diamond Bar Sandstone Member; pale 
red (10R6/2) to grayish red (10R4/2) with 
blackish red (5R2/2) streaks fresh, grayish red 
(10R4/2) or grayish orange pink (5YR7/2) or
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pale red (5R6/2) weathered, very thin to 
medium-bedded, fairly well indurated, very fine 
grained, very well sorted, subrounded, 
glauconitic (7%), calcareous, platy, locally 
very thinly parallel-laminated (sample GW-18). 
Locally cross-laminated in sets thinner than 
2 cm (angular foreset-contacts, lenticular­
shaped laminasets). Unit is weak ledge- 
forming, fairly well exposed. Sharp upper 
contact.............................................. 5.05
21. Mudshale, mudstone, to siltshale (80%) and 
sandstone (20%). Mudrock; light olive gray 
(5Y5/2) fresh and weathered, very thin bedded, 
micaceous. Sandstone; light olive gray (5Y6/1) 
with moderate red (5R4/6) hematite spots fresh, 
light olive gray (5Y5/2) or very dusky red 
(10R2/2) to moderate brown (5YR4/4) weathered, 
thin-bedded, fairly well indurated, very fine 
grained, very well sorted, rounded, glauconitic 
(5%), strongly calcareous, platy, micaceous 
(sample GW-17). Sands characterized by primary 
current lineations. Unit is lenticular to 
wavy-bedded, slope-forming, poorly exposed. 
Gradational upper contact....................... 19.60
20. Covered............................................. 13.39
19. Siltstone to siltshale (80%) and sandstone
(20%). Siltstone is pale olive (10Y6/2) fresh 
and weathered, non-calcareous, micaceous. 
Sandstone; pale olive (10Y6/2) and light olive 
gray (5YR4/4) fresh and weathered except for 
joint faces which are moderate brown (5YR4/4), 
very thin-bedded, very fine grained, very well 
sorted, subrounded, strongly calcareous, 
bioturbated (sample GW-16). Thin-section shows 
rock consists of 90% quartz, 3% trilobite 
fragments, 2% biotite, 1% muscovite, 1% 
glauconite; texturally supermature; 
quartzarenite. Skolithos and Planolites 
abundant. Unit is lenticular to wavy-bedded, 
slope-forming, poorly exposed. Covered upper 
contact.............................................. 4.00
18. Sandstone; pale olive (10Y6/2) or dark grayish 
red (5R3/2) or pale greenish yellow (10Y8/2) or 
grayish brown (5YR3/2) fresh, pale olive 
(10Y6/2) or grayish red (5R4/2) or pale 
greenish yellow (10Y8/2) or grayish brown 
(5YR3/2) weathered, very thin to thin-bedded, 
friable to fairly well indurated, medium to
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coarse-grained, moderate to well sorted, 
subangular to subrounded, calcareous to locally 
non-calcareous, bioturbated. Unit shows 
abundant Skolithos and is slope-forming, poorly 
exposed. Sharp upper contact.................... 2.75
17. Quartzite; light olive gray (5Y5/2) fresh,
moderate yellowish brown (10YR5/4) weathered, 
thin-bedded, well indurated, fine-grained, 
moderately sorted, subrounded, non-calcareous, 
bioturbated (sample GW-15). Unit shows 
Skolithos and is weak ledge-forming, well 
exposed. Gradational upper contact.............0.48
16. Siltstone (70%) and sandstone (30%).
Siltstone; light olive gray (5Y5/2), micaceous. 
Sandstone; grayish red (5R4/2), very thin- 
bedded, friable, coarse-grained, moderately 
sorted, subrounded, siightly calcareous. Unit 
is wavy-bedded, slope-forming, very poorly 
exposed. Gradational upper contact.............1.10
15. Quartzite; very pale orange (10YR8/2) or 
moderate orange pink (5YR8/4) fresh, light 
brown (5YR5/6) weathered, thin to medium- 
bedded, very well indurated, coarse to very 
coarse-grained, well sorted, subrounded, 
strongly calcareous. Skolithos (6.5 cm or 
longer) and Arenicoloides extremely abundant.
Unit is weak ledge-forming, fairly well
exposed. Sharp upper contact.................... 0.33
14. Sandstone (70%) and siltstone (30%).
Sandstone; grayish red (5R4/2) fresh and 
weathered, friable, coarse-grained, well 
sorted, subrounded, bioturbated, locally platy. 
Siltstone; pale olive (10Y6/2) to dusky yellow 
(5Y6/4), micaceous. Sandstone grades upward 
into siltstone in upper half of unit. Unit is 
slope-forming, very poorly exposed.
Gradational upper contact......................... 1.73
Total of Pioche Shale........................55. 93
Tapeats Sandstone:
13. Quartzite; very pale orange (10YR8/2) fresh, 
moderate brown (5YR4/4 & 5YR3/4) weathered, 
medium to thick-bedded, very well indurated, 
medium-grained, well sorted, subrounded, 
slightly calcareous, sugary textured (sample 
GW-14). Sedimentary structures include cross-
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stratified sets 5 to 59 cm thick (lenticular to 
wedge to tabular-shaped sets with tangential 
foreset-contacts) and Skolithos burrows (up to 
11 cm long) in upper 39 cm of unit. Unit is 
ledge-forming, fairly well exposed.
Gradational upper contact......................... 1.65
12. Siltstone (70%) and sandstone (30%).
Siltstone; light olive gray (5Y5/2), very thin- 
bedded, micaceous, bioturbated. Sandstone; 
very pale orange (10YR8/2) fresh, pale brown 
(5YR5/2) weathered, very thin to thin-bedded, 
friable to well indurated, medium-grained, well 
sorted, rounded, slightly calcareous, 
bioturbated (sample GW-13). Unit is lenticular 
to wavy-bedded, weak ledge-forming, fairly well 
exposed. Gradational upper contact.............8.73
11. Siltstone; dusky yellow (5Y6/4) fresh and 
weathered, very thin-bedded, bioturbated, 
micaceous. Unit is apparently trenched out, 
slope-forming, poorly exposed. Gradational 
upper contact........................................1.94
10. Sandstone (70%) and siltstone (30%).
Sandstone; very pale orange (10YR8/2) fresh, 
pale brown (5YR5/2) weathered, very thin to 
medium-bedded, well indurated, medium-grained, 
well sorted, subangular to subrounded, 
liesegang banded. Siltstone; pale olive 
(10Y6/2), dusky yellow (5Y6/4), or medium light 
gray (N6); very thin-bedded, micaceous.
Sedimentary structures include Arenicoloides, 
parallel laminations, and wedge-shaped cross- 
laminasets with tangential foreset-contacts.
Unit is lenticular to wavy bedded, ledge- 
forming, fairly well exposed. Sharp upper 
contact............................................... 2.90
9. Siltstone; pale olive (10Y6/2) to dusky yellow 
(5Y6/4), very thin-bedded, non-calcareous, 
micaceous. Unit is slope-forming, poorly 
exposed. Gradational upper contact.............1.24
8. Quartzite; very pale orange (10YR8/2) fresh, 
pale brown (5YR5/2) weathered, thin to medium- 
bedded, fairly well to well indurated, medium 
to coarse-grained, well sorted, rounded, 
slightly calcareous (sample GW-12).
Sedimentary structures include very thin 
parallel laminations and tabular-shaped cross- 
laminasets with tangential foreset-contacts (<
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5 cm thick). Unit is ledge-forming, fairly 
well exposed. Sharp upper contact.............. 1.60
7. Mudshale to siltstone (80%) and sandstone 
(20%). Mudrock; moderate brown (5YR4/4) or 
pale olive (10Y6/2) or light olive gray 
(5Y5/2), very thin-bedded, poorly indurated, 
micaceous. Sandstone; very thin-bedded, 
friable, medium sand to granule-sized, 
moderately sorted, subangular (sample GW-11).
Unit is slope-forming, poorly exposed.
Gradational upper contact.........................1.96
6. Quartzite; moderate reddish brown (10R4/6), 
grayish orange pink (10R8/2), very light gray 
(N 8 ), grayish pink (5R8/2) fresh; pale 
yellowish brown (10YR6/2), grayish orange pink 
(5YR7/2), grayish orange (10YR7/4), or black 
(Nl) weathered; medium to very thickly bedded, 
very well indurated, fine to very coarse sand 
and granule-sized in alternating fine-coarse 
bands, moderately to very well sorted, 
subangular to rounded, non-calcareous to 
slightly calcareous (samples GW-7, 8, 9, &
10). Sedimentary structures include 
Arenicoloides in upper 1/3 of unit, cross­
stratification in tabular to wedge-shaped sets 
5 to 40 cm thick. Unit is ledge-forming, very 
well exposed. Sharp upper contact.............35.39
5. Quartzite; very pale orange (10YR8/2) to grayish 
orange pink (10R8/2) fresh; pale greenish 
yellow (10Y8/2), moderate red (5R5/4), white 
(N9), moderate brown (5YR4/4), or black (Nl) 
weathered; medium-bedded, well indurated, coarse 
sand to medium pebble-sized, moderately sorted, 
subangular to subrounded, calcareous, 
bioturbated (?) (samples GW-5a, 5b, & 5c).
Unit is ledge-forming and fairly well exposed. 
Sharp, erosional upper contact...................0.15
4. Conglomerate; pale greenish yellow (10Y8/2) 
fresh with moderate brown (5YR4/4) spots, 
medium-bedded, fairly well indurated, fine 
pebble gravel with very coarse sand to medium 
pebble gravel clasts, very poorly sorted, 
subrounded, calcareous (sample GW-4).
Sedimentary structures include thin parallel- 
laminations and tabular-shaped cross-laminasets 
up to 6 cm thick (tangential foreset-contacts). 
Unit is slope-forming, poorly exposed. Sharp 
upper contact....................................... 0.22
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3. Sandstone; white (N9) fresh, grayish pink 
(5R8/2) weathered, thin to medium-bedded, 
friable to fairly well indurated, medium- 
grained, well sorted, subangular to subrounded, 
calcareous, very thinly parallel-laminated 
(sample GW-3). Feldspar forms about 20% of 
grains. Unit is slope-forming, poorly exposed. 
Gradational upper contact........................ 1.05
2. Sandstone; grayish red (5R4/2) to grayish orange 
pink (10R8/2) fresh and weathered, very thin to 
thin-bedded, friable, medium-grained, poorly 
sorted, angular, strongly calcareous. Unit is 
slope-forming, poorly exposed. Gradational 
upper contact.......................................1.77
1. Sandstone; grayish pink (5R8/2) fresh and 
weathered, unbedded, friable, very coarse 
grained, poorly sorted, angular, strongly 
calcareous, argillaceous. Unit is slope- 
forming, very poorly exposed. Gradational 
upper contact.......................................0.50
Total of Tapeats Sandstone..................59 .10
Precambrian crystalline basement:
0. Monzogranite; pale brown (5YR8/2) weathering, 
coarsely to very coarsely crystalline, weathers 
in subdued, rounded hills (sample GW-1).
TRAMP RIDGE
(Measured about 1 km west of the Black Jack Mine along the 
western flank of Tramp Ridge in the Gold Butte, Nevada, 
7.5' topographic quadrangle; NE1/4, Sec. 7, T19S, R70E, 
unsurveyed.)
Muav Limestone (incomplete): Meters
36. Limestone; light gray (N7) weathered, thin 
(basal 27 cm) to thick-bedded (above 27 cm), 
oncolitic. Unit is cliff-forming, very well 
exposed....................................... Unmeasured
Chisholm Shale:
35. Clayshale; olive gray (5Y3/2), papery thin, 
slope-forming, very poorly exposed.
Gradational upper contact......................... 7.94
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34. Limestone; medium gray (N5) fresh, light olive 
gray (5Y6/1) to yellowish gray (5Y7/2) 
weathered, thick-bedded, very well indurated, 
strongly calcareous, oncolitic (1 to 1.5 cm 
diameter) (sample TR-24). Matrix between 
oncolites is rich in trilobite fragments, which 
also commonly form oncolite nuclei. Thin- 
section shows rock is a trilobite-echinoderm 
intramicrudite/lime packstone to wackestone.
Unit is weak ledge-forming, very poorly 
exposed. Sharp upper contact.................... 0.44
33. Clayshale; moderate olive gray (5Y4/2), papery 
thin, slope-forming, very poorly exposed. 
Gradational upper contact......................... 1.75
32. Limestone; medium gray (N5) fresh, dark
yellowish orange (10YR6/6) weathered, medium- 
bedded, strongly calcareous, glauconitic (1%), 
trilobite-fragment rich (sample TR-23). Basal 
5 cm is flat-pebble limestone conglomerate with 
discoid pebbles up to 3 cm in diameter and 
abundant trilobite fragments in matrix (sample 
TR-23a). Thin-sections show basal 5 cm is 
fossiliferous intrasparrudite/1ime packstone 
and upper 25 cm is biosparrudite/trilobite- 
echinoderm fragment packstone. Chancelloria 
present; silt-sized dolomite forms 60 to 70% of 
rock. Unit is weak ledge-forming, very poorly 
exposed. Sharp upper contact.................... 0.30
31. Clayshale, mudshale, to mudstone (95%) and 
calcarenite (5%). Mudrock; dark grayish red 
(5R3/2) or brownish gray (5YR4/1), papery thin. 
Calcarenite; medium light gray (N6) and grayish 
orange (10YR7/4) fresh, pale olive (10Y6/2) 
weathered, very thin bedded, well indurated, 
very fine grained, very well sorted, calcareous, 
apparently structureless (sample TR-22). Thin- 
section shows calcarenite is very thinly 
parallel-laminated and composed of 60% sparry 
calcite, 20% angular quartz silt, 15% hematite 
(cement), 4% muscovite, and 1% glauconite.
Unit is lenticular-bedded, slope-forming, very 
poorly exposed. Sharp upper contact.......... 13.75
Total of Chisholm Shale..................... 24.18
Lyndon Limestone:
30. Limestone; medium light gray (N6) fresh, medium 
gray (N5) weathered in basal 86 cm, grayish
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orange (10YR7/4) in upper 1/2, also weathers 
light gray (N7) with light brown (5YR5/6) pits 
locally; very thin to thin-bedded, very well 
indurated (sample TR-21). Thin-section shows 
rock is comprised of borderline coarse-very 
coarse sand-sized ooids with poorly preserved 
internal structure; oomicrite/1ime packstone.
Unit is cliff-forming, well exposed. Sharp 
upper contact........................................1.51
29. Limestone; medium gray (N5) fresh, light gray 
(N7) weathered with grayish orange (10YR7/4) 
ankerite partings, apparently very thick to 
massive-bedded but ankerite partings suggest 
thin-bedding, very well indurated, strongly 
calcareous, highly fractured (sample TR-20). 
Thin-section shows rock is pelmicrite/lime 
wackestone to packstone; medium sand-sized 
peloid ghosts; 1% ankerite, 0.5% quartz silt. 
Ankerite partings average 1 cm thick and are 
usually spaced 4 to 5 cm apart, giving unit a 
brownish striped cast. Unit is cliff-forming, 
very well exposed. Sharp upper contact........4.84
28. Limestone; medium light gray (N6) fresh and 
weathered, thin-bedded, very well indurated, 
strongly calcareous, unevenly bedded, partially 
recrystallized, highly fractured, apparently 
structureless, stylolitlc (sample TR-19). 
Thin-section shows rock is pelmicrite/lime 
wackestone or packstone; medium sand-sized 
peloid ghosts; 3% ankerite. Unit is recessive, 
well exposed. Gradational upper contact.......1.31
27. Limestone; medium light gray (N6) fresh, light 
gray (N7) weathered with pale yellowish brown 
(10YR6/2) ankerite partings, apparently very 
thick bedded but ankerite partings suggest 
thin-bedding, very well indurated, strongly 
calcareous, highly fractured, dense, 
bioturbated (?) (sample TR-18). Thin-section 
shows rock is micritized pelmicrite/lime 
wackestone to packstone; medium sand-sized 
peloid ghosts; 5% ankerite, 0.1 to 0.5% quartz 
silt. Unit is cliff-forming, very well 
exposed. Sharp upper contact.................. .13.98
26. Limestone; medium gray (N5) and grayish orange 
(10YR7/4) fresh, thin-bedded, very well 
indurated, strongly calcareous, nodular 
weathering, dense (sample TR-17). Thin-section 
shows rock is completely micritized
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pelmicrite/lime wackestone or packstone; medium 
sand-sized peloid ghosts; 20% ankerite; 0.1 to
0.5% quartz silt. Unit is slope-forming, 
poorly exposed. Sharp upper contact........... 1.63
25. Limestone; pale yellowish brown (10YR6/2)
fresh, light brown (5YR5/6) to grayish orange 
(10YR7/4) weathered, thick-bedded, very well 
indurated, strongly calcareous, fractured 
(sample TR-16). Thin-section shows rock is 
completely recrystallized pelmicrite/lime 
wackestone or packstone; medium sand-sized 
peloid ghosts; 25% ankerite; 0.1% quartz silt.
Unit is very distinctively colored marker, 
cliff-forming, well exposed. Gradational upper 
contact............................................... 1.98
24. Sandstone; light gray (N7) fresh, grayish 
orange (10YR7/4) and pale olive (10Y6/2) 
weathered, very thin bedded, fairly well 
indurated, very fine grained, very well sorted, 
strongly calcareous, unevenly bedded (at base) 
to evenly bedded, very thinly parallel- 
laminated, glauconitic, bioturbated (sample TR- 
15). Abundant Planolites burrows. Thin- 
section shows rock contains 73% quartz, 20% 
calcite and ankerite, 7% glauconite. Unit is 
weak cliff-forming, very poorly to poorly 
exposed. Sharp upper contact.....................6.13
Total of Lyndon Limestone.................. 31. 38
Pioche Shale:
23. Mudshale, mudstone, and siltstone (80%) + 
sandstone (20%). Mudrock; grayish olive 
(10Y4/2), dusky yellow green (5GY5/2), or pale 
olive (10Y6/2), micaceous. Sandstone; weak 
grayish red (10R5/2), thin-bedded, very fine 
grained, calcareous. Unit is lenticular to 
wavy-bedded, slope-forming, very poorly 
exposed. Gradational upper contact............ 30.60
22. Sandstone (90%) and mudshale (10%). Sandstone; 
grayish red (10R4/2) fresh, dark grayish red 
(5R3/2) weathered, very thin to thin-bedded, 
moderately indurated, very fine grained, 
calcareous, unevenly to tabular-bedded.
Mudshale; dark grayish green (10GY4/2), 
micaceous. Unit is wavy to flaser-bedded, weak 
ledge-forming, poorly exposed. Sharp upper 
contact............................................... 1.77
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21. Mudshale to mudstone; mostly light olive gray 
(5Y5/2) but also pale red (5R6/2), very thinly 
bedded, micaceous, slope-£orming, very poorly 
exposed. Gradational upper contact.............6.80
20. Sandstone; grayish red (10R4/2) fresh, dark 
grayish red (5R3/2) weathered, very thin to 
thin-bedded, moderately indurated, very fine 
grained, calcareous, flaggy, platy, micaceous, 
glauconitic (5%),. Unit is weak ledge-forming, 
poorly exposed. Sharp upper contact........... 1.80
19. Mudshale; dusky yellow green (5GY5/2), very
thin bedded, micaceous, slope-forming, 
very poorly exposed. Gradational upper 
contact...............................................2.80
18. Sandstone; Diamond Bar Sandstone Member;
grayish red (10R4/2), very thin to thin-bedded, 
moderately sorted, borderline silt and very 
fine sand-sized, very well sorted, subrounded 
to rounded, glauconitic (5%), micaceous (1% 
muscovite), platy, flaggy, unevenly bedded, 
calcareous (sample TR-14). Unit is weak ledge- 
forming, fairly well exposed. Sharp upper 
contact............................................... 4.40
17. Mudshale, mudstone, and siltstone (70%) + 
sandstone (30%). Mudrock; grayish olive 
(10Y4/2) or pale olive (10Y6/2). Sandstone; 
dark yellowish green (10GY4/4) and very light 
gray (N8) fresh, light olive gray (5Y5/2) 
weathered, thin to medium-bedded, very fine to 
medium-grained, well sorted, well rounded, 
calcareous (sample TR-13). Planolites burrows 
abundant. Unit is lenticular to wavy-bedded, 
slope-forming, very poorly exposed.
Gradational upper contact........................37.79
16. Quartzite; pale red (10R6/2) fresh, dusky red 
(5R3/4) to moderate red (5R5/4) weathered, thin 
to medium-bedded, well indurated, coarse­
grained, well sorted, subrounded, calcareous.
Unit is weak ledge-forming, poorly exposed.
Sharp upper contact................................ 1.10
15. Mudshale, mudstone, and siltstone + sandstone. 
Mudrock; pale olive (10Y6/2) fresh, pale olive 
or dark yellowish orange (10YR6/6) or light 
brown (5YR5/6) weathered, very thinly bedded, 
bioturbated, micaceous. Sandstone; very fine 
grained, abundant Skolithos. Unit is slope-
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forming, poorly exposed. Gradational upper 
contact...............................................8.61
14. Quartzite; very pale orange (10YR8/2) fresh 
with light brown (5YR5/6) spots, medium (at 
base) to thin-bedded (at top), fine to medium- 
grained, very well sorted, subrounded, 
calcareous, bioturbated, weakly liesegang 
banded (sample TR-12). Unit is ledge-forming, 
well exposed. Sharp upper contact..............1.26
13. Siltshale to siltstone (95%) and quartzite 
(5%). Siltstone; light gray (N7) or reddish 
brown (10R4/4) fresh, grayish orange (10YR7/4) 
or reddish brown (10R4/4) weathered, very 
thinly bedded, bioturbated, micaceous.
Quartzite; pale red (5R6/2) fresh and 
weathered, thinly bedded, well indurated, 
medium grained, moderately sorted, subrounded, 
slightly calcareous (sample TR-11). Unit is 
slope-forming, poorly exposed. Gradational 
upper contact....................................... 1.79
12. Sandstone; very light gray (N8) fresh, grayish 
orange pink (5YR7/2) weathered, medium-bedded, 
well indurated, medium-grained, well sorted, 
subrounded, non-calcareous, bioturbated.
Abundant Arenicoloides traces. Unit is ledge- 
forming, fairly well exposed. Sharp upper 
contact..............................................0.29
11. Mudshale, mudstone, siltshale, and siltstone; 
pale reddish brown (10R5/4), dusky yellow 
(5Y6/4), or light olive gray (5Y5/2) fresh, 
very thinly bedded, micaceous. Unit is 
greenish in lower 26 cm; reddish elsewhere; 
becomes more sandy in top 1/2; slope-forming, 
poorly exposed. Gradational upper contact....1.27
Total of Pioche Shale...................... 100.28
Tapeats Sandstone:
10. Sandstone; very light gray (N8) fresh, grayish 
orange pink (5YR7/2) weathered, thick-bedded, 
very well indurated, medium-grained, well 
sorted, well rounded, texturally inverted, 
quartzarenitic (sample TR-10). Thinly 
parallel-laminated to cross-stratified in 
tabular-shaped sets (angular foreset-contacts)
6 to 50 cm thick. Unit is ledge-forming, well 
exposed. Sharp upper contact.................... 0.94
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9. Mudshale, mudstone, and siltstone (70%) +
sandstone (30%). Mudrock; pale olive (10YR6/2) 
and grayish red (10R4/2), micaceous.
Sandstone; light gray (N7) fresh, pale reddish 
brown (10R5/4) weathered, very thin bedded, 
well indurated, very fine grained, non- 
calcareous. Unit is slope-forming, poorly 
exposed. Gradational upper contact.............1.17
8. Quartzite; dusky yellowish brown (10YR2/2) with 
light brown (5YR5/6) stains fresh, grayish 
brown (5YR3/2) weathered, medium-bedded, very 
well indurated, coarse sand to granule-sized, 
poorly sorted, rounded, texturally inverted, 
guartzarenitic, slightly calcareous, 
bioturbated (sample TR-9). Unit is ledge- 
forming, well exposed. Sharp upper contact... 0.62
7. Siltstone; pale olive (10Y6/2), very thinly 
bedded, slope-forming, poorly exposed.
Gradational upper contact......................... 0.92
6. Sandstone; grayish orange (10YR7/4) fresh,
moderate red (5R4/6) and black (Nl) weathered, 
thick-bedded, well indurated, medium-grained, 
well sorted, rounded, texturally supermature, 
guartzarenitic, strongly calcareous, highly 
fractured (sample TR-8). Unit is ledge- 
forming, well exposed. Sharp upper contact...1.05
5. Quartzite; pinkish gray (5YR8/1) and very pale 
red purple (5RP7/2) fresh, very pale orange 
(10YR8/2) to grayish orange (10YR7/4) and black 
(Nl) weathered; occasionally light grayish red 
purple (5RP5/2) weathered, especially near top 
1/3; thick to very thick bedded, very well 
indurated, medium to coarse sand-sized with 
occasional granule horizons, well sorted, 
subrounded, texturally supermature, subarkosic 
to guartzarenitic, slightly calcareous (sample 
TR-7). Sedimentary structures include 
occasional Arenicoloides, very thin to thin 
parallel-laminations, and cross-stratification 
in tabular to wedge-shaped sets (tangential to 
angular foreset-contacts) 5 to 40 cm thick.
Unit is ledge-forming, very well exposed.
Sharp upper contact............................... 24.60
4. Sandstone; pinkish gray (5YR8/1) with moderate 
brown (5YR4/4) stains fresh, thick to very 
thick bedded (with minor 15 to 20 cm-thick, 
very thin to thin-bedded partings in upper
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1 m), very well indurated, fine sand to medium 
pebble gravel-sized, moderately to well sorted, 
subrounded, texturally immature to supermature, 
subarkosic to quartzarenitic, very slightly 
calcareous, very thinly to medium parallel- 
laminated to cross-stratified in tabular to 
wedge-shaped sets (angular foreset-contacts) 9 
to 40 cm thick (samples TR-5 & 6). Unit is 
ledge-forming, very well exposed. Gradational 
upper contact......................................10.99
3. Quartzite; very pale orange (10YR8/2) fresh, 
light grayish orange (10YR8/4) weathered, 
thick-bedded, very well indurated, medium sand 
to coarse pebble gravel-sized, well sorted, 
rounded, texturally supermature, 
quartzarenitic, slightly calcareous, thinly 
cross-stratified (in lenticular to wedge-shaped 
sets with tangential foreset-contacts 6 to 8 cm 
thick), ledge-forming, well exposed (sample TR- 
4). Gradational upper contact.................. 0.81
2. Sandstone; grayish pink (5R8/2) fresh, pale red 
(10R6/2) weathered at base and pinkish red 
(5R7/2) at top, medium to thick-bedded, 
moderately sorted, medium-grained, well sorted, 
subangular, calcareous, very thinly to thinly 
parallel-laminated to cross-stratified (in 
tabular, wedge, or lenticular-shaped sets with 
angular foreset-contacts up to 40 cm thick), 
weak ledge-forming, fairly well exposed (sample 
TR-3). Gradational upper contact.............. 1.85
1. Sandstone; pale red (10R6/2) fresh, grayish red 
(10R4/2) weathered, very thin to thin-bedded, 
poorly to moderately sorted, medium-grained, 
well sorted, subrounded, texturally submature, 
subarkosic, calcareous, thinly parallel- 
laminated to cross-stratified (in tabular­
shaped sets with tangential foreset-contacts 8
cm thick), slope-forming, poorly exposed
(sample TR-2). Gradational upper contact..... 1.96
Total of Tapeats Sandstone..................44.91
Precambrian crystalline basement:
0. Monzogranite; brownish gray (5YR4/1) weathered, 
friable, very coarsely crystalline (sample 
TR-1). Thin-section shows rock composed of 60% 
quartz, 15% plagioclase, 10% K-spar, 10% 
biotite, 5% hornblende. Forms low, rounded
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hills. Precambrian-Cambrian contact undulates 
within 3 m.
WHITNEY RIDGE
(Measured along the crest of Whitney Ridge about 2.8 km 
south of Whitney Ranch in the St. Thomas Gap, Nevada- 
Arizona, 7.5' topographic quadrangle; SE1/4, SE1/4, Sec.
33, T16S, R71E and SW1/4, Sec. 34, T16S, R71E.)
Muav Limestone (incomplete): Meters
17. Limestone; gray, cl iff-forming, very well
exposed....................................... Unmeasured
Chisholm Shale:
16. Clayshale; grayish brown (5YR3/2) and grayish 
olive (10Y4/2), papery. Unit is slope-forming 
and very poorly exposed. Exposures are 
restricted to the downslope side of float 
boulders. Runzelmarken occur in basal 1 to 2 
m. Upper contact is very poorly exposed but 
appears to be gradational. Located to within 3 
m .................................................... 29.40
Total of Chisholm Shale.....................29 . 40
Lyndon Limestone:
15. Limestone; medium gray (N5) fresh, pale
yellowish brown (10YR6/2) and grayish orange
(10YR7/4) weathered, thin to medium-bedded,
very well indurated, strongly calcareous
(sample WR-3). Thin-section shows 5% dolomite
and peloids and/or ooids (no internal structure
preserved) in sparry calcite matrix;
oosparite/1ime-grainstone. Unit is weak ledge-
forming and well exposed. Sharp upper
contact............................................... 2.35
14. Limestone; medium gray (N5) fresh, medium gray 
(N5) to light gray (N7) weathered, very thick 
to massive-bedded, very well indurated, very 
strongly calcareous, mottled, bioturbated 
(sample W R - 2 ). Planolites and Skolithos (2 to 
3 mm-diameter, up to 2.5 cm-long; also as 
unfilled pits on top of bed). Abundant grayish 
orange (10YR7/4) horizons (presumably composed 
of ankerite) roughly parallel to bedding.
Pungent hydrogen sulfide-like odor emitted when
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freshly broken rock is reacting with 10% H C l . 
Thin-section shows 1 to 2% dolomite and medium 
sand-sized peloids or ooids (no internal 
structure preserved) in micrite matrix; 
pelmicrite/1ime-mudstone. Unit is cliff- 
forming and very well exposed. Sharp upper 
contact..............................................18.00
13. Limestone; medium gray (N5) and light brown 
(5YR5/6) fresh, light gray (N7) and grayish 
orange (10YR7/4) weathered, thin-bedded, 
unevenly bedded, well indurated, strongly 
calcareous, dense, partially recrystallized. 
Orangish material (presumably ankerite) forms 
thin, relatively resistant horizons essentially 
parallel to bedding. In upper half of unit, 
medium light gray (N6) oncolites (1 to 2 cm in 
diameter) are abundant. Unit is cliff-forming 
and well exposed. Sharp upper contact......... 3.15
12. Calcarenite (?); grayish orange pink (5YR7/2) 
fresh, grayish orange (10YR7/4) weathered, 
thin-bedded, unevenly bedded, well indurated, 
very fine to fine sand-sized, strongly 
calcareous, partially recrystallized. Unit is 
weak ledge-forming and well exposed. Sharp 
upper contact........................................5.12
Total of Lyndon Limestone...................28.62
Pioche Shale:
11. Mudshale (90%) and minor sandstone lenses
(10%); moderate greenish gray (5GY5/1), very 
thin bedded, micaceous, lenticular- to flaser- 
bedded. Unit is slope-forming and poorly to 
very poorly exposed; most of unit is covered.
Upper contact is very poorly exposed and is 
estimated to within 3 m. Gradational upper 
contact..............................................37.53
10. Sandstone; Diamond Bar Sandstone Member; 
moderate grayish red (5R5/2) fresh, dark 
grayish red (5R3/2) weathered, very thin to 
thin-bedded, moderately indurated, very fine 
grained, calcareous, platy, very thinly 
parallel laminated, micaceous, with a satiny 
luster. Abundant primary current lineations 
(paleocurrent readings: N45W, N16W, and due N 
on beds N80E/31°SE). Unit is weak ledge- 
forming and fairly well exposed. Sharp upper 
contact..............................................19 .60
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9. Mudshale and siltshale (80%)f plus sandstone 
(20%). Shale is light grayish olive (10Y5/2), 
micaceous, silty, and has a satiny luster. 
Sandstone is moderate greenish gray (5GY5/1) 
fresh and grayish olive green (5GY3/2) 
weathered, glauconitic (about 25%), very thin 
to thin-bedded, well indurated, very fine 
grained, non-calcareous, platy, micaceous, very 
thinly parallel-laminated, satiny, lenticular 
to wavy to flaser bedded. Abundant primary 
current lineations (paleocurrent reading: N45E 
on beds N80E/31°SE). Unit alternately slope 
and weak ledge-forming. Gradational upper 
contact............................................. 14.80
8. Sandstone (80%) and mudshale (20%). Sandstone 
is light grayish olive (10Y5/2) to pale brown 
(5YR5/2), very thin to thin-bedded, well 
indurated, fine-grained, moderately sorted, 
glauconitic (10%), non-calcareous, wavy to 
flaser bedded. Mudshale is light grayish olive 
(10Y5/2). Unit is weak ledge-forming and 
fairly well exposed. Sharp upper contact 3.08
7. Sandstone (60%) and siltshale (40%). Sandstone 
is light grayish olive (10Y5/2) fresh, light 
olive gray (5Y5/2) weathered, very thin to 
thin-bedded, well indurated, fine-grained, 
moderately sorted, non-calcareous, very thinly 
parallel-laminated, glauconitic (10%; "salt and 
green pepper"-like), micaceous, satiny, 
strongly bioturbated (sample WR-1). Siltshale 
is light grayish olive (10Y5/2), micaceous, 
satiny. Skolithos and Planolites abundant.
Unit is slope-forming and poorly exposed. 
Gradational upper contact........................22.50
6. Quartzite; white (N9) to very pale orange
(10YR8/2) to pale yellowish brown (10YR6/2) to 
light olive brown (5Y5/3), thickly bedded, well 
indurated, coarse-grained, well sorted, 
subrounded. Abundant Skolithos (1 cm-diameter,
12 cm+ in length), Planolites, Corophioides, 
and Arenicoloides. Occasional biogenic 
cleavage. Unit is cl iff-forming and well 
exposed. Sharp upper contact..................  1.49
5. Sandstone (95%) and mudshale (5%) partings. 
Sandstone is light olive gray (5Y5/2) to 
yellowish brown (10YR5/2) fresh, dusky yellow 
(5Y6/4) to pale yellowish brown (10YR6/2) 
weathered, very thin to medium bedded, well
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indurated, medium to coarse-grained, moderately 
sorted, rounded, bioturbated, micaceous.
Mudshale partings are dusky yellow (5Y6/4) and 
papery. Skolithos common. Unit is slope- to 
weak ledge-forming and poorly to fairly well 
exposed. Sharp upper contact.................. 14.50
Total of Pioche Shale 113 . 50
Tapeats Sandstone:
4. Quartzite; pale yellowish brown (10YR6/2) fresh, 
grayish orange pink (5YR7/2) to moderate red 
(5R5/4) and black (Nl) weathered, medium to 
thick-bedded (with a few very thin partings), 
well indurated, medium-grained, moderately 
sorted, subangular, micaceous. Unit is cross­
bedded (tabular-shaped sets up to 41 cm-thick 
with planar foresets and angular foreset 
contacts); uppermost cross-stratified 
sandstone. Arenicoloides common. Unit is 
cliff-forming and very well exposed. Sharp 
upper contact...................................... 4.70
3. Sandstone; pale red (10R6/2) to grayish olive 
(10Y4/2) fresh, pale yellowish brown (10YR6/2) 
to grayish orange (10YR7/4) weathered, thin to 
medium-bedded, fairly well indurated, medium to 
coarse-grained, well sorted, subrounded, 
bioturbated. Arenicoloides common. Unit is 
slope-forming and poorly exposed. Sharp upper 
contact.............................................. 4.50
2. Quartzite to sandstone; grayish orange pink 
(10R8/2) fresh, grayish orange pink (10R7/2- 
10R8/2) to very pale orange (10YR8/2) to 
moderate yellowish brown (10YR5/4) to dark 
reddish brown (10R3/4) to black (Nl) weathered, 
medium to very thick-bedded (mostly thick- 
bedded), very well indurated, coarse-grained 
(with occasional 3 to 5 cm-thick granule 
horizons), well sorted, subangular. A few 10 
to 15 cm-thick, very thin to thin-bedded, fine­
grained sandstone partings occur about 33.5 m 
from base. Tabular-shaped cross-bed sets (with 
planar foresets and angular foreset contacts) 
mostly 5 to 30 cm-thick but up to 99 cm-thick 
are common. Arenicoloides and Planolites first 
observed about 31.5 m above base. Occasional 
liesegang bands, especially on joints. Unit is 
cliff-forming and very well exposed. Sharp 
upper contact......................................46.00
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1. Sandstone; pale red (5R6/2) fresh and weathered 
except for uppermost 2 m which is pale red 
purple (5RP4/2) fresh and pale red (10R6/2) 
weathered, medium to thick-bedded, mostly 
friable but locally well indurated, coarse sand 
to very coarse pebble gravel-sized (primarily 
coarse sand) clasts of quartz and red jasper, 
well sorted, rounded, non-calcareous, platy.
Very thinly to thinly parallel-laminated and 
also cross-stratified in tabular-shaped sets 
with planar foresets and tangential foreset 
contacts; cross-strata are up to 25 cm-thick.
Unit is slope-forming to weak ledge-forming and 
is fairly well to well exposed. Gradational 
upper contact...................................... 35.20
Total of Tapeats Sandstone................ 90.40
Precambrian crystalline basement:
0. Biotite granite or granofels; moderate pink 
(5R7/4) and white (N9) fresh, pale reddish 
brown (10R5/4) weathered, very coarsely 
crystalline, feldspar-content appears to be 
about 50-50 plagioclase and K-spar 
(monzogranite?), well-jointed, rounded blocky 
weathering. Precambrian-Cambrian contact is 
undulose within 10 to 25 cm.
NICKEL CREEK
(Measured about 2.3 km northeast of Rabbit (Government) 
Spring in the Riverside, Nevada, 7.5' topographic 
quadrangle; Nl/2, Nl/2, Sec. 10, T15S, R70E and SE1/4,
SE1/4, Sec. 3, T15S, R70E.)
Muav Limestone (incomplete): Meters
43. Limestone; "gray", cliff-forming......... Unmeasured
Chisholm Shale:
42. Clayshale (95%) and sandstone (5%). Clayshale; 
pale olive (10Y6/2), papery thin. Sandstone; 
fine-grained, laterally discontinuous (3 cm 
thick, 20 cm wide). Unit is lenticular-bedded, 
slope-forming, very poorly exposed.
Gradational upper contact........................19.00
41. Limestone conglomerate; medium gray (N5) and 
dark yellowish orange (10YR6/6) fresh, light
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gray (N7) and dark yellowish orange (10YR6/6) 
weathered, medium (at base) to thin-bedded (at 
top), well indurated, strongly calcareous 
(samples NC-1 & 2). Thin-sections show that 
rock is fossiliferous (trilobite, brachiopod, 
echinoderm) intramicrudite/lime packstone at 
base and a trilobite-brachiopod-echinoderm 
biomicrite/lime packstone at top.
Intramicrudite consists of 5% glauconite (in 
matrix), 5% quartz silt (in clasts).
Biomicrite consists of 20% ankerite, 10% quartz 
silt. Limestone pebbles are discoid, 1.5 to 2 
cm long, 3 mm thick; composed of micrite rich 
in quartz silt. Unit is very weak ledge- 
forming, poorly exposed. Sharp upper 
contact...............................................1.90
40. Clayshale; alternately grayish red (5R4/2) and 
pale olive (10Y6/2), papery thin, slope- 
forming, very poorly exposed. Basal 14 m not 
exposed. Gradational upper contact.......... 19.00
Total of Chisholm Shale.................... 39 . 90
Lyndon Limestone:
39. Limestone; medium dark gray (N4) fresh (basal 8 
m), medium light gray (N6) weathered (basal 8
m), medium light gray (N6) to dark gray (N3)
fresh (upper 2 m ) ,  moderate yellowish brown 
(10YR5/4), dark yellowish orange (10YR6/6), or 
medium light gray (N6) weathered (upper 2 m ) ;  
very thin (basal 8 m) to thin-bedded (upper 2 
m), very well indurated, strongly calcareous, 
partially recrystallized, highly fractured, 
cliff-forming, very well exposed (sample 
NC-16). Unit capped by a 1.5 m-thick, orange 
and gray banded (bands 2 cm thick) limestone 
and a 50 cm-thick, brownish weathering unit 
(sample NC-14). Thin-sections show basal 8 m 
is partially dolomitized pelmicrite/lime 
packstone; upper 50 cm is an extensively 
dolomitized oosparite/lime grainstone. Sharp 
upper contact...................................... 10.00
38. Calcarenite; medium gray (N5) and dark gray 
(N3) fresh, light gray (N7) weathered, thin- 
bedded, very well indurated, very fine grained, 
well sorted, subrounded, strongly calcareous, 
unevenly bedded, recessive, well exposed 
(sample NC-15). Thin-section shows rock 
consists of 35% micrite, 30% ankerite, 30%
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quartz, 5% glauconite; very fine glauconitic 
calcarenite. Sharp upper contact...............3.82
37. Limestone; medium gray (N5) fresh, light gray 
(N7) and dark yellowish orange (10YR6/6) 
weathered, thin to thick-bedded, very well 
indurated, strongly calcareous, oncolitic, 
partially recrystallized (sample NC-13). Thin- 
section shows rock is extensively dolomitized 
intramicrudite/1ime wackestone to packstone 
with 1% quartz silt; ankerite coarsely 
crystalline; oncolites very fine pebble gravel­
sized to 1 cm diameter. Unit is cliff-forming, 
well exposed. Sharp upper contact............. 3.74
36. Limestone; light gray (N7) to medium light gray 
(N 6 ) and dark yellowish orange (10YR6/6) fresh 
and weathered, thin-bedded, moderately well 
indurated, very strongly calcareous, oncolitic, 
unevenly bedded, slope-forming, poorly exposed. 
Gradational upper contact........................ 1.78
35. Limestone; light gray (N7) to medium light gray 
(N6) and dark yellowish orange (10YR6/6) fresh 
and weathered, thick-bedded, very well 
indurated, very strongly calcareous, oncolitic 
(< 1 cm diameter), unevenly bedded, glauconitic 
(NC-11). Thin-section shows rock is partially 
dolomitized biomicrite/lime wackestone; 2 to 3% 
ankerite, 1% quartz silt, 0.1% glauconite. A 
few trilobite and Chancellor la fragments. Unit 
is cliff-forming, very well exposed. Sharp 
upper contact....................................... 1.18
34. Dolomitic sandstone; moderate brown (5YR4/4) 
fresh, light brown (5YR5/6) weathered, thin 
(lower 2/3) to medium-bedded (upper 1/3), well 
indurated, very fine grained, very well sorted, 
subrounded, glauconitic, very strongly 
calcareous (sample NC-12). Thin-section shows 
rock consists of 49% quartz, 40% ankerite and 
calcite, 10% glauconite, 1% muscovite; 
glauconitic very fine dolomitic sandstone.
Unit is slope- to weak ledge-forming, poorly 
(lower 2/3) to fairly well exposed (upper 1/3). 
Sharp upper contact................................1.60
33. Dolomitic sandstone; pale yellowish brown 
(10YR6/2) fresh, moderate brown (5YR4/4) 
weathered, thin to thick-bedded, very well 
indurated, very fine to fine-grained, well 
sorted, subrounded, strongly calcareous,
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glauconitic (about 10%), bioturbated, ledge- 
forming, fairly well exposed. Planolites 
common. Gradational upper contact............. 0.89
Total of Lyndon Limestone 23 . 01
Pioche Shale:
32. Siltshale to siltstone; pale olive (10Y6/2), 
very thin bedded, strongly calcareous, slope- 
forming, very poorly exposed. Gradational 
upper contact........................................2.32
31. Dolomitic siltstone; grayish orange (10YR7/4) 
fresh, moderate yellowish brown (10YR5/4) 
weathered, medium to thick-bedded, very well 
indurated, strongly calcareous, bioturbated, 
glauconitic, weak ledge-forming, fairly well 
exposed (sample NC-10). Skolithos and 
Arenicoloides present. Thin-section shows rock 
consists of 65 to 70% quartz, 15 to 20% 
ankerite and calcite, 10% plagioclase, 5% 
glauconite, 0.1% muscovite. Sharp upper 
contact............................................... 1.50
30. Clayshale (95%) and sandstone (5%). Clayshale; 
dusky yellow green (5GY5/2) to light grayish 
olive green (5GY3/2) fresh, light grayish olive 
green (5GY3/2) weathered, papery thin.
Sandstone; light grayish olive (10Y5/2) fresh, 
dusky yellow (5Y6/4) weathered, thin-bedded, 
well indurated, fine-grained, well sorted, 
subrounded to rounded, calcareous, glauconitic. 
Occasional Planolites (< 1 cm diameter) and 
Skolithos. Unit is lenticular-bedded, slope- 
forming, poorly exposed. Gradational upper 
contact .............................................15.35
29. Sandstone (70%) and siltstone (30%).
Sandstone; grayish green (10GY5/2) fresh, 
moderate brown (5YR3/4) weathered, very thin to 
thin-bedded, well indurated, fine-grained, well 
sorted, subrounded to rounded, non-calcareous, 
unevenly bedded, micaceous, glauconitic.
Siltstone; pale olive (10Y6/2) fresh and 
weathered, micaceous, lustrous. Planolites 
common. Unit is wavy to flaser-bedded, ledge- 
forming, fairly well exposed. Sharp upper 
contact............................................... 1.65
28. Siltstone (80%) and sandstone (20%).
Siltstone; grayish green (10GY5/2), micaceous,
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lustrous, bioturbated. Sandstone; grayish 
green (10GY5/2), very thinly bedded, well 
indurated, very fine grained, well sorted, 
subrounded to rounded, non-calcareous, 
bioturbated, micaceous, glauconitic. Unit is 
wavy-bedded, slope-forming, very poorly 
exposed. Gradational upper contact.............2.15
27. Sandstone; grayish green (10GY5/2) fresh, pale 
yellowish brown (10YR6/2) weathered, thin to 
medium-bedded, very well indurated, very fine 
grained, very well sorted, subrounded, 
texturally inverted, quartzarenitic, non- 
calcareous, bioturbated, micaceous, 
glauconitic, unevenly bedded (sample NC-9).
Rare Skolithos (1 cm diameter; 5 cm long); 
Arenicoloides common. Unit is ledge-forming, 
fairly well exposed. Sharp upper
contact............................................... 0.87
26. Clayshale to mudshale (90%) and sandstone
(10%). Shale; grayish green (10GY5/2), papery 
thin, micaceous. Sandstone; very light olive 
gray (5Y6/2) fresh, pale olive (10Y6/2) 
weathered, very thin to thin-bedded, moderately 
indurated, fine-grained, strongly calcareous, 
micaceous, glauconitic. Unit is lenticular to 
wavy-bedded, slope-forming, poorly exposed. 
Gradational upper contact........................18.63
25. Sandstone; grayish green (10GY5/2) fresh and 
weathered, very thinly bedded, moderately 
indurated, fine-grained, well sorted, 
subrounded, non-calcareous, micaceous, 
glauconitic, unevenly bedded. Unit is ledge- 
forming, fairly well exposed. Gradational 
upper contact........................................1.19
24. Mudshale (90%) and sandstone (10%). Mudshale; 
moderate olive gray (5Y4/2) fresh, light olive 
gray (5Y5/2) weathered, papery thin.
Sandstone; grayish yellow green (5GY7/2) fresh 
and weathered, thin-bedded, well indurated, 
fine to medium-grained, well sorted, subrounded 
to rounded, calcareous, glauconitic. Unit is 
lenticular to wavy-bedded, slope-forming, 
poorly exposed. Gradational upper
contact...............................................2.60
23. Sandstone; grayish green (10GY5/2) fresh and 
weathered, thin-bedded, moderately well 
indurated, fine-grained, well sorted,
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subrounded to rounded, slightly calcareous, 
glauconitic, unevenly bedded. Unit is weak 
ledge-forming, fairly well exposed.
Gradational upper contact.........................0.85
22. Clayshale (95%) and sandstone (5%). Clayshale; 
moderate olive gray (5Y4/2) fresh, light olive 
gray (5Y5/2) weathered, papery thin.
Sandstone; grayish yellow green (5GY7/2) fresh 
and weathered, thin-bedded, well indurated, 
fine to medium-grained, well sorted, subrounded 
to rounded, calcareous, glauconitic. Unit is 
lenticular-bedded, slope-forming, poorly 
exposed. Gradational upper contact.............3.00
21. Sandstone; grayish yellow green (5GY7/2) fresh 
and weathered, thin-bedded, well indurated, 
very fine grained, very well sorted, 
subrounded, texturally supermature, 
quartzarenitic, calcareous, glauconitic (10%).
Unit is weak ledge-forming, fairly well
exposed. Gradational upper contact.............2.82
20. Mudshale, siltshale, and siltstone (80%) + 
sandstone (20%). Mudrock; light olive gray 
(5Y5/2) to light grayish olive (10Y3/2) fresh, 
moderate olive gray (5Y4/2) weathered, very 
thinly bedded, non-calcareous, micaceous. 
Sandstone; very light olive gray (5Y6/2) fresh, 
light brown (5YR5/6) to grayish brown (5YR3/2) 
weathered, thin-bedded, well indurated, fine­
grained, well sorted, subrounded, calcareous, 
bioturbated, very thinly parallel-laminated, 
micaceous, lustrous, glauconitic in upper half. 
Planolites common. Unit is slope-forming, 
poorly exposed. Gradational upper contact... 30.80
Total of Pioche Shale........................83.73
Tapeats Sandstone:
19. Quartzite and sandstone (60%) + siltstone
(40%). Sandstone; dusky yellow green (5GY5/2) 
fresh, grayish brown (5YR5/2) to light brown 
(5YR5/6) weathered, very thin to thin-bedded, 
friable to well indurated, medium-grained, well 
sorted, subrounded, non-calcareous, 
bioturbated, micaceous, locally very thinly 
parallel-laminated, unevenly bedded, texturally 
supermature, quartzarenitic (samples NC-6 & 7). 
Sedimentary structures include Skolithos, 
Planolites, and cross-stratification (in
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tabular, lenticular, and trough-shaped sets 
with tangential to angular foreset-contacts; 
generally < 10 cm thick but locally up to 25 cm 
thick). Unit is alternately slope- and ledge- 
forming, poorly and well exposed. Sharp upper 
contact.............................................. 7.50
18. Quartzite; grayish orange (10YR7/4) fresh,
light brown (5YR5/6), moderate brown (5YR4/4), 
to black (Nl) weathered; primarily very thickly 
bedded but locally thin and medium-bedded, 
moderately to well indurated, fine sand to 
granule-sized but primarily medium to coarse 
sand-sized; moderately to very well sorted, 
subrounded to rounded, texturally inverted to 
texturally supermature, quartzarenitic, 
calcareous, liesegang banded, blocky 
weathering, sugary textured (samples NC-4a, 4b,
& 5). Medium parallel-laminated to cross­
stratified in tabular to wedge-shaped sets with 
tangential to angular foreset-contacts and 
thicknesses from 5 to 25 cm thick. Locally 
abundant Arenicoloides. Unit is ledge-forming, 
very well exposed. Gradational upper 
contact..............................................25.16
17. Sandstone; pale red (5R6/2) or grayish red
(5R4/2 & 10R4/2) fresh and weathered, very thin 
to medium-bedded, alternately friable and well 
indurated, very fine to medium-grained, well 
sorted, subrounded, calcareous. Very thinly to 
thinly parallel-laminated; also cross-laminated 
in lenticular-shaped sets with tangential 
foreset-contacts and generally < 3 cm thick.
Unit is dominantly slope-forming but locally 
weak ledge-forming, poorly exposed to fairly 
well exposed. Sharp upper contact.............14.86
16. Sandstone; pale red (5R6/2) fresh and weathered 
(lower 9.53 m ) , very pale red (10R7/2) fresh 
and weathered (upper 40 cm), thin to medium- 
bedded, alternately friable and well indurated, 
medium (lower 1/2) to coarse-grained (upper 
1/2), well sorted, subrounded, calcareous.
Very thin to thinly parallel, trough, and 
wedge-shaped sets (with tangential foreset- 
contacts) 5 to 10 cm thick. Unit is 
alternately slope and weak ledge-forming, 
poorly and fairly well exposed. Gradational 
upper contact....................................... 9.9 3
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15. Sandstone; grayish red (5R4/2) fresh, grayish 
red (10R4/2) weathered, very thin to 
thin-bedded, friable (lower 1/2) to well 
indurated (upper 1/2), medium-grained, well 
sorted, subrounded, calcareous, very thinly to 
thinly parallel-laminated to trough cross­
stratified in 5 to 10 cm-thick sets. Unit is 
slope-forming, poorly exposed. Sharp, 
erosional upper contact........................... 3.83
14. Quartzite; grayish red (5R4/2) fresh, grayish 
red (10R4/2) weathered, thin to medium-bedded, 
well indurated, medium-grained, well sorted, 
subrounded, non-calcareous, thin to medium 
parallel-laminated to trough and lenticular 
cross-stratified in sets up to 15 cm thick. 
Parallel-laminae dominate at top. Unit is 
ledge-forming, fairly well exposed. Sharp 
upper contact........................................4.32
13. Quartzite; grayish red (10R4/2) fresh and
weathered, thin-bedded, moderately indurated, 
medium-grained, well sorted, subrounded, 
slightly calcareous, slope-forming, very poorly 
exposed. Sharp upper contact.................... 1.16
12. Quartzite; pale red (10R6/2) fresh, grayish red 
(10R4/2) weathered, thick-bedded, well 
indurated, medium-grained, well sorted, 
subrounded, very slightly calcareous, parallel- 
laminated to wedge-shaped cross-laminated in 
sets < 5 cm thick with tangential foreset- 
contacts. Unit is weak ledge-forming, fairly 
well exposed. Gradational upper contact.......0.74
11. Sandstone; pale red (5R6/2) fresh and
weathered, thin to medium-bedded, friable, 
medium-grained, moderately sorted, subangular 
to subrounded, calcareous, very thinly 
parallel-laminated to wedge-shaped cross­
laminated with tangential foreset-contacts.
Unit is slope-forming, poorly exposed.
Gradational upper contact.........................0.06
10. Quartzite; pale red (10R6/2) fresh, grayish red 
(10R4/2) weathered, very thickly bedded, well 
indurated, fine-grained, well sorted, 
subrounded, texturally supermature, subarkosic, 
very slightly calcareous (sample NC-3). Wedge 
to trough cross-stratified in sets 5 to 17 cm 
thick. Unit is ledge-forming, fairly well 
exposed. Sharp upper contact.................... 1.50
218
Sandstone; pale red (5R6/2) fresh and weathered, 
thin to medium-bedded, friable, medium-grained, 
moderately sorted, subangular to subrounded, 
calcareous, very thinly parallel-laminated to 
wedge-shaped cross-laminated with tangential 
foreset-contacts. Unit is slope-forming, 
poorly exposed. Gradational upper contact.... 0.13
Sandstone; pale red (5R6/2) fresh and weathered, 
very thickly bedded, well indurated, medium- 
grained, well sorted, subrounded, very slightly 
calcareous. Very thinly to thinly parallel- 
laminated to wedge-shaped cross-stratified 
(tangential foreset-contacts) in sets up to 15 
cm thick. Unit is ledge-forming, well exposed; 
marked by rancher's cairn. Sharp upper 
contact.............................................. 1.34
Sandstone; grayish red (5R4/2) fresh and 
weathered, very thin to thin-bedded, friable, 
medium to coarse-grained, moderately sorted, 
subangular to subrounded, calcareous, slope- 
forming, poorly exposed. Sharp, erosive upper 
contact.............................................. 0.27
Quartzite; grayish red (10R4/2) fresh and 
weathered, thick-bedded, well indurated, medium 
sand-sized with a few granule horizons, well 
sorted, subrounded, very slightly calcareous.
Very thinly parallel-laminated to wedge-shaped 
cross-stratified (tangential foreset-contacts) 
in sets up to 10 cm thick. Unit is ledge- 
forming, fairly well exposed. Sharp upper 
contact.............................................. 0.45
Sandstone; grayish red (5R4/2) fresh and 
weathered, very thin to thin-bedded, friable to 
well indurated, medium-grained, moderately to 
well sorted, subangular to rounded, calcareous. 
Sharp, erosive upper contact.................... 0.63
Quartzite; pale red (5R6/2) fresh and weathered, 
medium to thick-bedded, well indurated, coarse­
grained, well sorted, subrounded, very thinly 
parallel to cross-laminated. Unit is ledge- 
forming, fairly well exposed. Sharp upper 
contact.............................................. 0.67
3. Sandstone; grayish red (10R4/2) fresh and
weathered, very thinly bedded, friable, medium- 
grained, moderately sorted, subangular to
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subrounded, non-calcareous, slope-forming, very 
poorly exposed. Sharp upper contact........... 0.67
2. Sandstone; pale red (5R6/2) fresh, moderately 
red (5R5/4) weathered, thin-bedded, moderately 
indurated, coarse-sand sized primarily but some 
granule-sized grains,well sorted, subrounded to 
rounded, very slightly calcareous, slope- 
forming, poorly exposed. Sharp upper 
contact...............................................0.31
1. Sandstone; grayish red (10R4/2) fresh, pale 
reddish brown (10R5/4) weathered, very thinly 
bedded, friable, medium-grained, poorly to 
moderately sorted, subrounded to rounded, 
calcareous, slope-forming, very poorly exposed. 
Sharp upper contact................................ 0.22
Total of Tapeats Sandstone..................73.75
Precambrian crystalline basement:
0. Biotite schist to gneiss and granite; dark gray 
(N3) fresh, medium gray (N5) weathered 
(gneiss); moderate reddish orange (10R6/6) 
fresh, moderate orange pink (10R7/4) weathered 
(granite); friable, coarsely crystalline 
(granite). Granite intimately intrudes schist 
in 2 cm to 1 m-thick dikes and sills.
Precambrian-Cambrian contact very poorly 
exposed.
DAVIDSON PEAK
(Measured approximately 1.5 km west of Davidson Peak in 
the East Mormon Mountains, southern Lincoln County,
Nevada; Davidson Peak, Nevada, 7.5' topographic 
quadrangle; latitude 53 30', longitude 114 21'.)
Muav Limestone (incomplete): Meters
22. Limestone; gray, cliff-forming, very well
exposed....................................... Unmeasured
Chisholm Shale:
21. Clayshale; light olive gray (5Y5/2), papery 
thin. Unit is slope-forming and very poorly 
exposed. Upper contact is poorly defined but 
estimated to within 3 m. Gradational upper 
contact?.............................................46.58
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20. Limestone; medium gray (N5) and dark yellowish 
orange (10YR6/6) fresh, medium light gray (N6) 
and light brown (5YR5/6) weathered, very thin 
to thin-bedded, strongly calcareous (sample 
MM-16). Sedimentary structures include 
Skolithos tubes and oncolites; both commonly 
filled with orangish dolomitic (?) material. 
Oncolites commonly have trilobite-fragment 
nuclei that weather out in raised relief.
Unit is ledge-forming and fairly well
exposed. Sharp upper contact.................... 1.73
19. Mudshale (90%) and calcareous sandstone (10%). 
Mudshale is brownish gray (5YR4/1).
Calcareous sandstone is moderate yellowish 
brown (10YR5/4) and fine-grained. Unit is 
very similar to unit 17; lenticular-bedded.
Unit is slope-forming and poorly exposed. 
Gradational upper contact......................... 1.75
18. Limestone; banded medium light gray (N6) and 
grayish orange (10YR7/4) fresh, banded light 
gray (N7) and grayish orange (10YR7/4) 
weathered, very thin to thin-bedded, unevenly 
bedded, well indurated, strongly calcareous, 
strongly bioturbated (samples MM-14 and MM- 
15). Thin-section reveals that limestone is 
uniform micrite/lime-mudstone with about 1% 
quartz silt and no dolomite. Unit is 
alternately ledge- and slight recess-forming 
and is fairly well exposed. Uppermost 6 cm of 
unit is a flat pebble, intraformational 
limestone conglomerate; pebbles are 1 to 2 cm 
thick and usually 2 cm in diameter. Sharp 
upper contact........................................1.50
17. Mudshale (80%) and calcareous sandstone (20%). 
Mudshale is dark grayish red (5R3/2) in basal 
2/3 of unit and pale olive (10Y6/2) in upper 
1/3, micaceous. Calcareous sandstone is light 
brownish gray (5YR6/1), moderate yellowish 
brown (10YR5/4), light gray (N7), and light 
brown (5YR6/4) fresh; brownish gray (5YR4/1), 
grayish orange pink (5YR7/2), grayish green 
(5G5/2), pale olive (10Y6/2), or grayish orange 
(10YR7/4) weathering; very thin to thin-bedded, 
well indurated, fine-grained, strongly 
calcareous, micaceous, glauconitic (1 to 30%), 
strongly bioturbated (sample MM-13).
Sedimentary structures include very thin 
parallel-lamination, lenticular- to wavy- 
bedding, convolute-bedding, abundant
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Runzelmarken, Planolites. Unit is slope- 
forming and very poorly exposed. Gradational
upper contact...................................... 13.80
16. Clayshale; brownish gray (5YR4/1), slope- 
forming, very poorly exposed. Gradational 
upper contact...................................... 20.14
Total of Chisholm Shale..................... 85.50
Lyndon Limestone:
15. Limestone; banded medium dark gray (N4) and 
grayish orange (10YR7/4) fresh, banded medium 
gray (N5) and grayish orange (10YR7/4) 
weathered, very thinly to thinly bedded, very 
well indurated, strongly calcareous, strongly 
bioturbated, burrow mottled. Unit composed of 
2 to 5 cm-thick gray limestone beds alternating 
with 0.5 cm-thick orange (dolomite?) beds.
Local 5 to 7 mm-diameter oncolites. Unit is 
ledge-forming and poorly exposed. Upper 
contact is poorly defined but located within 
0.5 m. Sharp upper contact?.................... 14.00
Total of Lyndon Limestone...................14 . 00
Pioche Shale:
14. Mudshale (95%) and calcareous sandstone (5%). 
Mudshale is grayish olive (10Y4/2), papery 
thin. Calcareous sandstone is pale olive 
(10Y6/2) fresh, pale yellowish brown (10YR6/2) 
weathered, thin-bedded, fairly well indurated, 
very fine grained, micaceous, lustrous. Unit 
is lenticular-bedded, slope-forming, and poorly 
exposed. Upper contact is indistinct but 
located within 0.5 m; gradational?.............13.50
13. Calcareous siltstone (70%) and calcareous 
sandstone (30%). Unit is moderate brown 
(5YR3/4) to light olive gray (5Y5/2) weathered, 
very thin to thin-bedded, fairly well 
indurated, flaser-bedded, strongly calcareous. 
Sandstone is fine-grained and glauconitic 
(10%). Unit is ledge-forming and fairly well 
exposed. Sharp upper contact.................... 1.70
12. Mudshale (95%) and sandstone (5%). Mudshale is 
grayish olive (10Y4/2), papery thin. Sandstone 
is light olive gray (5Y5/2) fresh, moderate 
brown (5YR4/4) weathered, very thin bedded,
2 2 2
very fine grained. Unit is lenticular-bedded, 
slope-forming, and poorly exposed. Gradational 
upper contact......................................26.63
11. Limestone; medium light gray (N6) fresh, light 
gray (N7) and moderate brown (5YR4/4) 
weathered, medium-bedded, well indurated, 
strongly calcareous (sample MM-11). Thin- 
section reveals that unit is oosparrudite/lime- 
grainstone with about 5% very coarse sand-sized 
quartz grains and 0.1% glauconite. Internal 
structure not preserved in ooids. Unit is 
ledge-forming and fairly well exposed. Sharp 
upper contact...................................... 0.28
10. Mudshale (70%) and calcareous quartzite (30%). 
Mudshale is dusky yellow (5Y6/4), papery thin 
to very thin-bedded. Quartzite lenses are 
greenish gray (5GY6/1) fresh, light olive gray 
(5Y5/2) weathered, very thin to thin-bedded, 
well indurated, medium-grained, moderately 
sorted, subrounded, glauconitic (10 to 15%), 
strongly calcareous. Sedimentary structures 
include wavy-bedding and Planolites. Unit is 
slope-forming and poorly exposed. Gradational 
upper contact.......................................2.00
9. Limestone; greenish gray (5GY6/1) fresh, grayish 
brown (5YR3/2) and light brown (5YR5/6) 
weathered, medium to thick-bedded, well 
indurated, glauconitic (5%), strongly 
calcareous (sample MM-10). Thin-section shows 
that unit is fossiliferous oosparrudite/silty 
lime-grainstone with 35% trilobite fragments,
5% echinoderm fragments, 25% quartz (fine sand­
sized), 30% micritized ooids (internal 
structure not preserved). Unit is ripple 
cross-bedded (very thinly laminated in wedge- 
to lenticular-shaped sets 6 to 12 cm thick with 
tangential foreset contacts); top of unit shows 
hummocks and swales (hummock-diameter is 15 to 
18 cm; hummock-spacing is 19 to 34 cm; hummock- 
relief is 1 to 2 c m ) . Unit is ledge-forming 
and fairly well exposed. Sharp upper 
contact.............................................. 0.80
8. Sandstone (60%) and clayshale (40%). Sandstone 
is light olive gray (5Y5/2) fresh, pale 
yellowish brown (10YR6/2) to light olive gray 
(5Y5/2) weathered, thin to medium-bedded, very 
fine to fine-grained, well sorted, subrounded, 
calcareous, platy, bioturbated, lustrous
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(sample M M - 9 ). Clayshale is light olive gray 
(5Y5/2), papery. Sedimentary structures 
include Runzelmarken in the upper 3 m,
Planolites, and lenticular- to wavy-bedding.
Unit is slope-forming and poorly exposed.
Sandstone is dominant in lower and upper 5 m;
shale dominant (90%) in central portion of
unit. Gradational upper contact.............. 18.28
Total of Pioche Shale....................... 63 .19
Tapeats Sandstone:
7. Quartzite; pale yellowish brown (10YR6/2) fresh 
and weathered, medium to thick-bedded, very 
well indurated, fine-grained, well sorted, non- 
calcareous, lustrous, bioturbated. Sedimentary 
structures include herringbone cross-bedding 
(very thinly cross-laminated in 3 to 6 cm- 
thick, tabular-shaped sets with tangential to 
angular shaped foreset contacts). Unit is 
ledge-forming and well exposed. Sharp upper 
contact.............................................  0.63
6. Quartzite (50%) and siltstone (50%). Both rock
types are dusky yellow (5Y6/4) to grayish
orange (10YR7/4) weathered, very thin to thin- 
bedded, non-calcareous, bioturbated, lustrous. 
Quartzite is very fine grained. Unit is 
flaser-bedded, slope-forming, poorly exposed. 
Gradational upper contact......................... 3.20
5. Quartzite (75%) and siltstone (25%). Quartzite
is light olive gray (5Y5/2) or yellowish gray 
(5Y7/2) fresh, banded pale yellowish brown 
(10YR6/2) and pale orange (10YR8/2) weathered, 
thick-bedded, very well indurated, fine to 
coarse-grained, well sorted, subrounded, 
slightly calcareous (sample MM-8). Siltstone 
is dusky yellow brown (5Y6/5), very thin 
bedded. Unit is cross-bedded in lenticular­
shaped sets up to 40 cm thick (very thin to 
medium-laminated; angular foreset-contacts).
"B-C" sequence (Klein, 1970b). Unit is ledge-
forming and well exposed. Sharp upper
contact............................................... 1.68
4. Quartzite; dusky yellow (5Y6/4) or dark
yellowish brown (10YR4/2) fresh; dusky yellow 
(5Y6/4), grayish orange (10YR7/4), dark reddish 
brown (10R3/4), moderate brown (5YR3/4), or 
black (Nl) weathered; very thin to medium-
224
bedded; very fine to coarse-grained, well 
sorted, rounded, non-calcareous, strongly 
bioturbated (samples MM-6 and MM-7).
Sedimentary structures include straight current 
ripplemarks (wavelength 15 to 25 cm, amplitude 
1 cm), Planolites, Skolithos, and 
Arenicoloides. Thin-section shows at least one 
bed is composed of 30% ooids (replaced by chert 
but internal structure well-preserved). Unit 
is slope-forming and poorly exposed.
Gradational upper contact....................... 38.42
3. Quartzite; pale orange (10YR7/2) or very pale 
purple (5P8/2) with grayish red purple (5RP4/2) 
spots fresh; light brownish gray (5YR6/1), pale 
yellowish brown (10YR6/2), or very pale orange 
(10YR8/2) weathered; thick to very thick- 
bedded, very well indurated, medium to coarse­
grained with some very coarse sand to very fine 
pebble-sized horizons; moderate to well sorted, 
subangular to rounded, non-calcareous, lustrous 
(samples MM-4 and MM-5). Sedimentary 
structures include tabular-shaped cross-beds 5 
to 10 cm thick (thinly laminated with angular 
foreset-contacts) and locally abundant 
Cozophioides (2 cm long, 2 mm deep). Unit is 
alternately slope- and ledge-forming; fairly 
well exposed. Gradational upper contact 56.57
2. Sandstone to quartzite; light grayish red
(5R5/2) fresh; grayish red (10R4/2), blackish 
red (5R2/2), or pale reddish brown (10R5/4) 
weathered; very thick-bedded in lower 1.75 m 
but thin to medium in remainder; well 
indurated, medium to coarse-grained, well 
sorted, subrounded, slightly calcareous, often 
vitreous, 3% feldspar grains (sample MM-3).
Very thinly to thinly parallel-laminated with 
some wedge- to tabular-shaped cross laminasets 
up to 7 cm thick (with tangential foreset- 
contacts). Unit is alternately slope- and 
ledge-forming. Gradational upper contact.... 50.22
1. Sandstone; light grayish red (5R5/2) fresh, 
grayish red (5R4/2) weathered, very thin to 
medium-bedded (mostly thin-bedded), friable to 
locally well indurated, medium to coarse­
grained, well sorted, rounded, non-calcareous, 
vitreous (sample MM-2). Very thinly to thinly 
parallel-laminated. Unit is largely slope- 
forming but locally ledge-forming; poorly 
exposed. Gradational upper contact........... 26.20
Total of Tapeats Sandstone 176.
Precambrian crystalline basement:
0. Muscovite-biotite gneiss; bluish white (5B9/1) 
with moderate pink (5R7/4) feldspar and light 
gray (N7) muscovite crystals fresh, light 
greenish gray (5GY8/1) and pinkish gray 
(5YR8/1) weathered, very coarsely crystalline; 
slope-forming, very poorly exposed (sample MM- 
1). Muscovite 20%, biotite 1%. Precambrian- 
Cambrian contact not exposed; defined by 
uppermost occurrence of Precambrian float.
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FRENCHMAN MOUNTAIN
(Measured about 1 km east of the eastern termination of 
Owens Avenue in the Las Vegas N E , Nevada, 7.5' topographic 
quadrangle; NE1/4, NE1/4, Sec. 26, T20S, R62E and SE1/4, 
SE1/4, Sec. 23, T20S, R62E.)
Muav Limestone (incomplete): Meters
77. Limestone. Basal tew meters: Medium dark gray 
(N4) and moderate yellowish orange (10YR5/4) 
fresh, light gray (N7) and light brown (5YR5/6) 
weathered, porous, aphanitic, apparently 
structureless, highly fractured, partially 
dolomitized, thin to medium-bedded, well 
indurated, cliff-forming, very well exposed 
(samples FM-25 & 26)....................... Unmeasured
Chisholm Shale:
76. Clayshale (95%) and limestone (5%). Clayshale; 
moderate olive gray (5Y4/2) fresh, pale olive 
(10Y6/2) weathered, papery thin. Limestone; 
medium dark gray (N4) fresh, pale olive 
(10Y6/2) to grayish orange (10YR7/4) weathered, 
very thin bedded, moderately indurated, 
strongly calcareous; biomicrite (trilobite 
fragments)/lime packstone (samples FM-14a & b)? 
Unit is lenticular-bedded, slope-forming, very 
poorly exposed. Abundant secondary gypsum 
lenses. Gradational upper contact.............. 4.38
75. Limestone (99%) and siltstone (1%). Limestone; 
medium gray (N5) and dark yellowish orange 
(10YR6/6) fresh, thin to medium-bedded, very 
well indurated, glauconitic (at base), 
oncolitic (0.5 to 1 cm in diameter with well- 
preserved concentric internal laminae) (samples 
FM-11, 12, & 13). Siltstone; pale olive 
(10Y6/2), calcareous; confined to 10 cm-thick 
layer near middle of unit and to 1 cm-thick 
horizons in basal 1/2 of unit. Thin-sections 
show rock is partially dolomitized biosparite 
(trilobite and echinoderm fragments)/lime 
grainstone at base; 1 to 2% glauconite. Lower 
1/2 of unit is extensively dolomitized (50% 
ankerite), fossiliferous (trilobite and 
echinoderm fragments) intramicrudite/lime 
wackestone with 1% glauconite; oncolites 1.8 to 
2 mm in diameter. Upper 1/2 of unit is 
partially dolomitized (5% ankerite), 
fossiliferous (trilobite and echinoderm
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fragments) intramicrudite/lime wackestone with 
Chancelloria. Unit is weak ledge-forming, 
poorly exposed. Sharp upper contact........... 0.76
74. Clayshale (95%) and limestone (5%). Clayshale; 
grayish olive (10Y4/2) fresh, pale olive 
(10Y6/2) weathered, papery thin. Limestone; 
moderate yellowish brown (10YR5/2) fresh, pale 
yellowish brown (10YR6/2) weathered with 
moderate brown (5YR4/4) joint faces, very thin 
bedded, strongly calcareous. Unit is 
lenticular-bedded, slope-forming, poorly 
exposed. Gradational upper contact.............3.10
73. Limestone conglomerate; very light olive gray 
(5Y4/2) pebbles, light brown (5YR5/6) matrix 
fresh; yellowish gray (5Y7/2) pebbles, dark 
yellowish orange (10YR6/6) matrix weathered; 
very thin to thin-bedded, well indurated, 
strongly calcareous (sample FM-10). Limestone 
pebbles are discoid, 2 to 9 cm in diameter, < 1 
cm thick; composed of very thinly parallel- 
laminated, extensively dolomitized (60 to 70% 
ankerite) biomicrite/lime mudstone (trilobite 
and echinoderm fragments). Thin-section shows 
rock is fossiliferous intramicrudite/lime 
packstone. Unit is ledge-forming, fairly well 
exposed. Sharp upper contact............  1.62
72. Clayshale, mudshale, mudstone, siltshale, and 
siltstone (95%) + sandstone (5%). Mudrock; 
dark grayish red (5R3/2) in basal 1/2, light 
grayish olive (10Y3/2) in top 1/2, papery thin. 
Sandstone; pale brown (5YR5/2) to moderate 
brown (5YR4/4), very thin bedded, fairly well 
indurated, trilobite-fragment rich, strongly 
calcareous, very thinly parallel-laminated, 
very fine grained, poorly to moderately sorted 
(sample FM-7, 8, & 9). Sedimentary structures 
Include wrinkle marks and Cruziana. Some 
shales tectonically warped. Unit is slope- 
forming, poorly exposed. Gradational upper 
contact............................................. 10.67
71. Clayshale; light grayish red (10R3/2) fresh and 
weathered, papery thin, slope-forming, very 
poorly exposed. Gradational upper contact.... 2.30
70. Clayshale; light grayish olive (10Y5/2) fresh, 
pale olive (10Y6/2) weathered, papery thin, 
slope-forming, very poorly exposed.............. 2.60
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Total of Chisholm Shale..................... 25.43
Lyndon Limestone:
69. Limestone; pale yellowish brown (10YR6/4) and 
medium light gray (N6) fresh, moderate 
yellowish brown (10YR5/4) to pale yellowish 
brown (10YR6/4) weathered, medium-bedded, very 
well indurated (sample FM-24). Thin-section 
shows rock is composed of grain-supported, 
medium sand-sized peloids; partially 
dolomitized, fossiliferous (trilobite and 
brachiopod fragments) pelsparite/lime 
packstone; 0.1% quartz silt. Unit is cliff- 
forming, very well exposed. Sharp upper 
contact...............................................0.30
68. Limestone; medium gray (N5) fresh, dark medium 
gray (N4) weathered, thin to medium-bedded, 
very well indurated, calcareous, very thinly 
parallel-laminated (sample FM-23). Thin- 
section shows rock is composed of poorly 
preserved, coarse to very coarse sand-sized 
ooids (or peloids?) in a sparry calcite matrix; 
partially dolomitized (coarsely crystalline 
ankerite); oosparite/lime packstone to 
grainstone; trace quartz silt. Unit is cliff- 
forming, very well exposed. Sharp upper 
contact...............................................0.70
67. Limestone; medium gray (N5) to medium light 
gray (N6) and grayish orange (10YR7/4) fresh, 
light gray (N7) and dark yellowish orange 
(10YR5/6) weathered, thin to medium-bedded, 
very well indurated, calcareous, very thinly 
parallel-laminated (sample FM-22). Unit is 
cryptalgal laminite; slightly recessive but 
cliff-forming; very distinctly gray and orange 
banded. Sharp upper contact..................... 2.37
66. Limestone; dark gray (N3) fresh, medium dark 
gray (N4) weathered, very thick bedded, very 
well indurated, calcareous, vaguely parallel- 
laminated, partially dolomitized (sample 
FM-21). Thin-section shows rock is 
intrasparrudite/lime wackestone with coarse 
sand to granule-sized clasts of pelmicrite.
Unit is cliff-forming, very well exposed.
Sharp upper contact................................ 2.17
65. Limestone; medium light gray (N6) fresh, light 
gray (N7) weathered, medium to thick-bedded,
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very well indurated, calcareous, very thinly 
parallel-laminated (cryptalgal laminite), 
partially dolomitized (sample FM-20). Rare 
bird's eye fenestrae. Unit is cliff-forming, 
very well exposed. Sharp upper contact........6.33
64. Limestone; medium light gray (N6), light gray 
(N7), medium-bedded, very well indurated, very 
thinly parallel-laminated, calcareous (sample 
F M -19). Bird's eye fenestrae. Thin-section 
shows rock is pelmicrite/lime boundstone with 
rare trilobite fragments and quartz silt. Unit 
is slightly recessive, well exposed. Sharp 
upper contact....................................... 0.26
63. Limestone; medium light gray (N6) and light 
brown (5YR5/6), thinly bedded, extremely well 
indurated (sample FM-18). Thin-section shows 
rock is pelmicrite/lime boundstone partially 
replaced by medium to coarsely crystalline 
ankerite. Unit is cliff-forming, very well 
exposed. Sharp upper contact.................... 3.20
62. Limestone; medium light gray (N6) fresh, light 
gray (N7) and light brown (5YR5/6) weathered, 
very thinly bedded, very well indurated, 
calcareous (sample FM-17). Unit is slightly 
recessive, very well exposed. Sharp upper 
contact...............................................0.40
61. Limestone; medium dark gray (N4) and moderate 
olive gray (5Y4/2) fresh, medium light gray 
(N6) and light brown (5YR5/6) weathered, very 
thin to thin bedded, very well indurated, 
calcareous (samples FM-15 & 16). Thin-section 
shows rock is partially dolomitized (medium 
crystalline ankerite) micrite/llme mudstone 
with trace quartz silt. Sedimentary structures 
include thrombolites (0.5 m in diameter) in 
basal 1 to 2 m of unit and bird's eye fenestrae 
in upper 1/2 of unit. Unit is cliff-forming, 
very well exposed. Sharp upper contact.......10.92
60. Limestone conglomerate; medium light gray (N6) 
and light brown (5YR6/4) fresh, light gray (N7) 
and light brown (5YR5/6) weathered, tnin- 
bedded, friable at base to moderately indurated 
at top, calcareous. Gray clasts are 2 to 3 cm 
in diameter in orangish matrix. Unit is 
recessive, poorly to very poorly exposed.
Sharp upper contact................................ 1.15
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59. Limestone; moderate brown (5YR4/4) to medium
gray (N5) fresh, light brown (5YR5/6) to medium 
light gray (N6) weathered, medium to thick- 
bedded, very well indurated, calcareous, cross­
bedded. Cross-bedded, partially dolomitized 
lime-packstone. Unit is cliff-forming, very 
well exposed. Sharp upper contact..............2.15
Total of Lyndon Limestone...................29 .95
Pioche Shale:
58. Mudshale to mudstone; pale olive (10Y6/2) fresh 
and weathered, papery thin to very thin, 
calcareous, organic-free, micaceous. Unit is 
slope-forming, very poorly exposed.
Gradational upper contact.........................1.32
57. Calcareous sandstone; grayish olive (10Y4/2) 
fresh, light olive gray (5Y5/2) to moderate 
brown (5YR3/4) weathered, very thin to thick- 
bedded, friable, medium-grained, well sorted, 
rounded, strongly calcareous, glauconitic 
(20%?). Wedge and tabular-shaped cross- 
laminasets with tangential foreset-contacts; up 
to 5 cm thick. Unit is ledge-forming, fairly
well exposed. Sharp upper contact..............1.10
56. Mudshale to mudstone; pale olive (10Y6/2) fresh 
and weathered, papery thin, organic-free, 
micaceous. Unit is slope-forming, poorly 
exposed. Gradational upper contact............ 0.57
55. Sandstone; moderate yellowish brown (10YR5/4) 
fresh, moderate brown (5YR3/4) weathered, very 
thin to thin-bedded, moderately indurated, 
medium-grained, well sorted, rounded, 
calcareous, strongly bioturbated, glauconitic 
(10%?), flaser-bedded. Parallel-laminated to 
lenticular-shaped cross-laminated in sets (with 
tangential foreset-contacts) up to 5 cm thick.
Unit is ledge-forming, fairly well exposed.
Sharp upper contact................................ 1.35
54. Mudshale to mudstone (95%) and sandstone (5%). 
Mudrock; light grayish olive (10Y5/2) fresh, 
pale olive (10Y6/2) weathered, papery thin, 
micaceous, organic-free. Sandstone; light 
grayish olive (10Y5/2) fresh, moderate brown 
(5YR3/4) weathered, very thin to thin-bedded, 
moderately well indurated, fine-grained, well 
sorted, rounded, non-calcareous, micaceous,
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glauconitic (?), parallel-laminated. Sandstone 
shows numerous Planolites. Unit is lenticular to 
wavy-bedded, slope-forming, poorly exposed 
(particularly in upper 28 m ) . Gradational upper 
contact..............................................30.75
53. Sandstone (95%) and siltshale to siltstone
(5%). Sandstone; yellowish gray (5Y7/2) fresh, 
light olive gray (5Y5/2) weathered, thin to 
medium-bedded, friable to moderately indurated, 
medium-grained, well sorted, rounded, 
calcareous, glauconitic (10%?). Siltstone; 
pale olive (10Y6/2) fresh, light grayish olive 
(10Y5/2) weathered, micaceous, slightly 
calcareous. Unit is flaser-bedded to cross­
laminated (lenticular-shaped sets with 
tangential foreset-contacts) in sets generally 
< 5 cm. Ripple cross-laminated. Rare 
convolute-bedding. Unit is weak ledge-forming, 
fairly well exposed. Sharp upper contact 7.35
52. Sandstone (99%) and mudshale to siltshale (1%); 
Diamond Bar Sandstone Member. Sandstone; 
moderate grayish red (5R5/2) fresh, blackish 
red (5R2/2) weathered, very thin to medium- 
bedded, friable to moderately indurated, fine­
grained, well sorted, rounded, slightly 
calcareous, parallel-laminated to lenticular­
shaped cross-stratified (tangential foreset- 
contacts) in sets up to 12 cm thick. Mudrock; 
very light olive gray (5Y6/2) fresh, pale 
olive (10Y6/2) weathered, organic-free, 
micaceous. Where parallel-laminated, sandstone 
is platy and shows primary current lineations. 
Subordinate 20 cm-thick shaly horizons. Unit 
is weak ledge-forming, fairly well exposed. 
Gradational upper contact........................13.02
51. Mudshale, mudstone, siltshale, and siltstone 
(95%) + sandstone (5%). Mudrock; very light 
olive gray (5Y6/2) fresh, pale olive (10Y6/2) 
weathered, papery thin to very thinly bedded, 
organic-free, micaceous, bioturbated.
Sandstone; moderate olive gray (5Y4/2) fresh, 
moderate brown (5YR3/4) weathered, very thin to 
thin-bedded, well indurated, fine-grained, well 
sorted, rounded, glauconitic (?), very slightly 
calcareous. Sandstone characterized by 
abundant Planolites, parallel-laminae, ripple 
marks (enigmatic type due to cross-section 
exposure), lenticular-shaped cross-laminasets 
(with tangential foreset-contacts) up to 3 cm
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thick (i.e., ripple cross-laminae). Primary 
current lineations on sandstones near top.
Unit is lenticular to wavy-bedded, slope- 
forming, poorly exposed. Gradational upper 
contact..............................................12 .53
50. Sandstone; pale brown (5YR5/2) fresh, moderate 
brown (5YR3/4) weathered, medium-bedded, 
friable, medium to coarse-grained, well sorted, 
rounded, calcareous, glauconitic (10%?). 
Parallel-laminated to cross-stratified in 
tabular to wedge-shaped sets (with tangential 
foreset-contacts) up to 10 cm thick. Unit is 
ledge-forming, fairly well exposed. Sharp 
upper contact.......................................0.47
49. Mudshale; grayish olive (10Y4/2), papery thin, 
organic-free, micaceous. Unit is slope- 
forming, poorly exposed. Gradational upper 
contact.............................................. 0 .25
48. Sandstone; pale green (5G7/2) fresh, moderate 
brown (5YR3/4) weathered, thick-bedded at base 
to thin-bedded at top, well indurated at base 
to friable at top, fine-grained at base to 
medium-grained at top, well sorted, rounded, 
slightly calcareous, glauconitic (10%?), very 
thinly parallel-laminated to cross laminated in 
tabular-shaped sets (with tangential foreset- 
contacts) 2 to 3 cm thick. Unit is ledge- 
forming, fairly well exposed. Gradational 
upper contact....................................... 0.55
47. Mudshale, mudstone, siltshale, and siltstone 
(80%) + sandstone (20%). Mudrock; grayish 
olive (10Y4/2) fresh, light olive gray (5Y5/2) 
weathered, papery thin to very thinly bedded, 
micaceous, organic-free. Sandstone; moderate 
olive gray (5Y4/2), moderate brown (5YR3/4), to 
light olive gray (5Y5/2) fresh; pale olive 
(10Y6/2), dusky brown (5YR2/2), moderate brown 
(5YR4/4), or pale red (10R6/2) weathered; very 
thin to medium-bedded (thickens upwards), well 
indurated in basal 8 m to friable in upper 1 m, 
fine to medium-grained (coarsens upwards), well 
sorted, subrounded to rounded, slightly 
calcareous to calcareous, glauconitic (5 to 
25%?); percentage increases upwards). Unit is 
cross-stratified in tabular-shaped sets (with 
tangential foreset-contacts) up to 10 cm thick; 
lenticular to wavy-bedded, slope-forming, 
poorly exposed. Gradational upper contact.... 8.90
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46. Sandstone; moderate olive gray (5Y4/2) fresh 
and weathered, medium-bedded, friable to 
moderately indurated, coarse-grained, well 
sorted, rounded, calcareous, glauconitic 
(30%?), very porous, trough cross-stratified in 
sets up to 7 cm thick with very thin laminae.
Unit is ledge-forming, well exposed. Sharp 
upper contact....................................... 0.23
45. Clayshale (67%) and sandstone (33%).
Clayshale; olive gray (5Y3/2) fresh, moderate 
olive gray (5Y6/2) weathered, papery thin; 
forms upper 2/3 of unit. Sandstone; light 
olive gray (5Y5/2) fresh, grayish red (5R4/2) 
weathered, thin-bedded, friable to moderately 
indurated, medium-grained, well sorted, 
subrounded to rounded, calcareous, glauconitic 
(25%?); forms basal 1/3 of unit. Unit is 
slope-forming, poorly exposed. Sharp, 
erosional upper contact........................... 0.34
44. Sandstone; light olive gray (5Y5/2) fresh,
grayish red (5R4/2) weathered, medium to thick- 
bedded, well indurated, medium-grained, well 
sorted, subrounded to rounded, calcareous, 
glauconitic (25%?), parallel-laminated to 
cross-stratified in tabular to wedge-shaped 
sets (with tangential foreset-contacts) up to 
10 cm thick. Unit is ledge-forming, fairly 
well exposed. Sharp upper contact..............0.33
43. Siltshale to siltstone (90%) and sandstone 
(10%). Siltstone; very light olive gray 
(5Y6/2), glauconitic, bioturbated. Sandstone; 
very thin bedded, well indurated, medium- 
grained, well sorted, subrounded to rounded, 
calcareous, glauconitic (25%?). Sandstone is 
cross-laminated in tabular-shaped sets (with 
tangential foreset-contacts). Unit is 
lenticular to wavy-bedded, slope-forming, 
poorly exposed. Gradational upper contact.... 2.00
42. Sandstone; dusky yellow green (5GY5/2) fresh, 
moderate brown (5YR4/4) weathered, thin-bedded, 
well indurated, medium-grained, well sorted, 
subrounded to rounded, calcareous, glauconitic 
(25%?) (sample FM-6). Sedimentary structures 
include Planolites, parallel-laminations, and 
cross-laminations in tabular-shaped sets (with 
tangential foreset-contacts) 3 to 5 cm thick.
Unit is ledge-forming, fairly well exposed.
Sharp upper contact................................ 0.35
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41. Siltshale to siltstone (95%) and sandstone
(5%). Siltstone; very light olive gray (5Y6/2) 
fresh and weathered, micaceous. Sandstone; 
light olive gray (5Y5/2) fresh, moderate brown 
(5YR4/4) to moderate olive brown (5Y4/4) 
weathered, very thin to thin-bedded, well 
indurated, fine-grained, well sorted, rounded, 
non-calcareous. Sandstone characterized by 
Planolites. Unit is lenticular to wavy-bedded, 
slope-forming, poorly exposed. Gradational 
upper contact............................. ........8.38
40. Quartzite (70%) and siltshale (30%).
Quartzite; dark yellowish gray (5Y6/2) fresh, 
moderate brown (5YR4/4) weathered, medium- 
bedded at base, very thin bedded at top, very 
well indurated, fine-grained, moderately 
sorted, subrounded, slightly calcareous, rarely 
cross-laminated in tabular-shaped sets (with 
tangential foreset-contacts) up to 5 cm thick. 
Siltshale; dark yellowish gray (5Y6/2) fresh 
and weathered, papery thin, micaceous. Unit is 
wavy-bedded, ledge-forming, fairly well 
exposed. Gradational upper contact.............1.35
39. Mudshale to siltshale (95%) and sandstone
(5%). Mudrock; pale grayish red (10R5/2) and 
light olive gray (5Y5/2), papery thin.
Sandstone; pale brown (5YR5/2) fresh, dark 
moderate brown (5R3/4) weathered, very thin 
bedded, well indurated, fine-grained, 
moderately sorted, subrounded, strongly 
calcareous, micaceous, very thinly parallel- 
laminated to cross-laminated in tabular-shaped 
sets 1 to 5 cm thick. Planolites. Unit is 
slope-forming, poorly exposed. Gradational 
upper contact...................................... 12.90
38. Sandstone (70%) and mudshale (30%). Sandstone; 
light olive gray (5Y5/2) fresh, pale olive 
(10Y6/2) weathered, thin-bedded, well 
indurated, medium-grained, very slightly 
calcareous, very thinly parallel-laminated. 
Mudshale; very light olive gray (5Y6/2), papery 
thin. Unit is ledge-forming, fairly well 
exposed. Sharp upper contact.................... 1.17
37. Mudshale (95%) and sandstone (5%). Mudshale; 
very light olive gray (5Y6/2), papery thin, 
micaceous. Sandstone; light olive gray (5Y5/2) 
fresh, pale olive (10Y6/2) weathered, very thin 
to thin-bedded, well indurated, medium-grained,
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very slightly calcareous, thinly parallel- 
laminated. Unit is lenticular-bedded, slope- 
forming, poorly exposed. Gradational upper 
contact...............................................2.40
36. Quartzite; grayish red (10R4/2) fresh and
weathered, medium-bedded, very well indurated, 
coarse-grained, well sorted, subrounded to 
rounded, calcareous, porous. Upper contact 
rippled. Hematitic oolite bed? Unit is ledge- 
forming, fairly well exposed. Sharp upper 
contact.............................................. 0 .16
35. Mudshale (90%) and sandstone (10%). Mudshale; 
pale olive (10Y6/2) fresh, light olive gray 
(5Y5/2) weathered (with some pale red 10R6/2 
horizons), micaceous. Sandstone; grayish olive 
(10Y4/2) fresh, very thin bedded, well 
indurated, coarse-grained, moderately sorted, 
subrounded to rounded, glauconitic, calcareous. 
Unit is lenticular to wavy-bedded, slope- 
forming, very poorly exposed. Gradational 
upper contact.......................................5.10
34. Sandstone; grayish red (10R4/2) fresh and
weathered, thin-bedded, well indurated, fine­
grained, well sorted, subangular to subrounded, 
calcareous, bioturbated. Unit is weak ledge- 
forming, very poorly exposed. Sharp upper 
contact...............................................0.65
33. Sandstone; moderate red (5R5/4) to grayish red 
(10R4/2) fresh, pale red (5R6/2) to grayish red 
(10R4/2) weathered, very thin bedded, fairly 
well to well indurated, fine to coarse-grained, 
moderately sorted, subangular to subrounded, 
slightly calcareous, bioturbated. Hematitic 
oolite bed? Unit is ledge-forming, very poorly 
exposed. Gradational upper contact............. 1.50
32. Mudshale to siltstone (95%) and sandstone (5%). 
Mudrock; yellowish gray (5Y7/2), papery thin, 
micaceous. Sandstone; pale yellowish brown 
(10YR6/2) fresh, grayish brown (5YR3/2) 
weathered, very thin to thin-bedded, well 
indurated, medium to coarse-grained (coarsens 
upward), moderately sorted, subrounded, 
calcareous, micaceous. Abundant Planolites.
Unit is lenticular to wavy-bedded, slope- 
forming, poorly exposed. Gradational upper 
contact..............................................10.19
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31. Sandstone; pale reddish brown (10R5/4) fresh, 
dusky red (5R3/4) weathered, thin-bedded, 
friable, coarse-grained, poorly to moderately 
sorted, rounded, calcareous. Unit is ledge- 
forming, fairly well exposed. Sharp upper 
contact...............................................0.08
30. Mudshale; pale olive (10Y6/2), papery thin, 
bioturbated. Unit is slope-forming, poorly 
exposed. Gradational upper contact.............0.23
29. Quartzite; grayish red (5R4/2) fresh; moderate 
orange pink (10R7/4), moderate reddish brown 
(10R4/6), or moderate reddish orange (10R6/6) 
weathered; medium-bedded, very well indurated, 
coarse-grained, well sorted, subrounded to 
rounded, calcareous. Unit is ledge-forming, 
well exposed. Sharp upper contact..............0.18
28. Sandstone; grayish orange (10YR7/4) to pale
brown (5YR5/2) fresh, moderate yellowish brown 
(10YR5/4) weathered, very thin to thin-bedded, 
moderately indurated, medium-grained, 
moderately sorted, subrounded, slightly 
calcareous, bioturbated. Unit is ledge- 
forming, fairly well exposed. Gradational 
upper contact....................................... 1.87
Total of Pioche Shale.....................
Tapeats Sandstone:
27. Quartzite; very light gray (N8) fresh, moderate 
brown (5YR3/4) weathered, thin-bedded, very 
well indurated, coarse-grained, well sorted, 
rounded, calcareous, cross-laminated in tabular 
to wedge-shaped sets (with tangential foreset- 
contacts) up to 5 cm thick. Unit is ledge- 
forming, well exposed. Sharp upper contact... 0.20
26. Mudshale to siltstone (90%) and quartzite
(10%). Mudrock; pale olive (10Y6/2), papery 
thin to very thin bedded, micaceous, very 
slightly calcareous. Quartzite; very thin 
bedded, very well indurated, coarse-grained, 
well sorted, rounded, calcareous. Unit is 
lenticular to wavy-bedded, slope-forming, 
poorly exposed. Gradational upper contact.... 2.03
25. Quartzite; very light gray (N8) fresh, light 
gray (N7) and light brown (5YR6/4) weathered, 
very thin to thin-bedded, very well indurated,
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very coarse grained, well sorted, rounded, 
calcareous, trough and wedge cross-laminated 
(tangential foreset-contacts). Arenicoloides.
Unit is ledge-forming, well exposed. Sharp 
upper contact....................................... 0.32
24. Mudshale (90%) and quartzite (10%). Mudshale; 
pale olive (10Y6/2), papery thin, micaceous. 
Quartzite; moderate yellowish brown (10YR5/4) 
fresh, pale olive (10Y6/2) to grayish red 
(10R4/2) weathered, very thin bedded, very well 
indurated, fine to medium-grained, very 
slightly calcareous. Unit is lenticular to 
wavy-bedded, slope-forming, poorly exposed. 
Gradational upper contact......................... 0.51
23. Quartzite; very light gray (N8) fresh, light 
gray (N7) and light brown (5YR6/4) weathered, 
very thin to medium-bedded, very well 
indurated, medium-grained, very well sorted, 
rounded, calcareous, sugary textured, cross­
stratified in tabular to wedge-shaped sets 
(tangential to angular foreset-contacts) up to 
27 cm thick. Unit is ledge-forming, well 
exposed. Sharp upper contact.................... 0.27
22. Mudshale (90%) and sandstone (10%). Mudshale; 
dusky yellow (5Y6/4) fresh, light olive gray 
(5Y5/2) weathered, papery thin, bioturbated. 
Sandstone; moderate yellowish brown (10YR5/4) 
fresh, pale olive (10Y6/2) to grayish red 
(10R4/2) weathered, very thin bedded, well 
indurated, fine-grained, well sorted, 
subrounded, texturally supermature, 
quartzarenitic, bioturbated (sample FM-5). 
Planolites. Unit is lenticular to wavy-bedded, 
slope-forming, poorly exposed. Gradational 
upper contact........................................2.31
21. Sandstone; very pale orange (10YR8/2) to pale 
yellowish orange (10YR8/6) fresh, moderate 
brown (5YR4/4) to light brown (5YR5/6) 
weathered, thin-bedded, moderately indurated, 
coarse to very coarse grained, moderately 
sorted, subrounded to rounded, slightly 
calcareous, bioturbated. Locally abundant 
Skolithos. Unit is ledge-forming, well 
exposed. Sharp upper contact.................... 1.20
20. Quartzite; very pale orange (10YR8/2) fresh, 
moderate brown (5YR3/4) weathered, thin to 
medium-bedded, very well indurated, coarse­
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grained, moderately sorted, subrounded to 
rounded, non-calcareous, cross-laminated in 
wedge-shaped sets (with tangential foreset- 
contacts) up to 5 cm thick. Local Skolithos.
Unit is ledge-forming, well exposed.
Gradational upper contact......................... 0.55
19. Sandstone; pale olive (10Y6/2) fresh, yellowish 
gray (5Y7/2) weathered, very thin bedded, 
friable, very fine grained, moderately sorted, 
subrounded, non-calcareous, micaceous. Unit is 
slope-forming, poorly exposed. Gradational 
upper contact........................................0.24
18. Quartzite; grayish orange pink (5YR7/2) fresh, 
moderate brown (5YR4/4) weathered, medium- 
bedded, extremely well indurated, coarse­
grained, well sorted, rounded, very slightly 
calcareous, cross-laminated in wedge-shaped, 
tangential sets < 8 cm thick. Common 2 to 3 
mm-thick granule horizons. Unit is ledge- 
forming, well exposed. Sharp upper 
contact..............................................0.315
17. Quartzite; very pale orange (10YR8/2) to pale 
yellowish orange (10YR8/6) fresh, light brown 
(5YR5/6) to moderate brown (5YR4/4) weathered, 
thin-bedded, moderately indurated, coarse to 
very coarse grained, moderately sorted, 
subrounded, to rounded, slightly calcareous.
Unit is ledge-forming, well exposed. Sharp 
upper contact........................................1.06
16. Quartzite; grayish orange (10YR7/4) fresh,
moderate brown (5YR4/4) to dark moderate brown 
(5YR3/4) weathered, medium-bedded, very well 
indurated, coarse to very coarse grained, well 
sorted, rounded, calcareous. Unit is ledge- 
forming, well exposed. Sharp upper contact... 0.10
15. Sandstone; moderate yellowish brown (10YR5/4), 
pale yellowish orange (10YR8/6), to very pale 
orange (10YR8/2); very thin bedded, moderately 
indurated, medium-grained, well sorted, 
subrounded, strongly calcareous. Unit is weak 
ledge-forming, fairly well indurated. Sharp 
upper contact........................................0.36
14. Quartzite (95%) and sandstone (5%). Quartzite; 
light gray (N7) to very pale orange (10YR8/2) 
fresh, thick-bedded, well indurated, coarse to 
very coarse grained, well sorted, subrounded,
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calcareous, cross-stratified in tabular-shaped 
(with angular foreset-contacts) 5 to 40 cm 
thick. Sandstone; grayish orange pink (5YR7/2) 
to light brown (5YR6/4) fresh, pale olive 
(10Y6/2) weathered, friable, very fine to fine­
grained, well sorted, subrounded, non- 
calcareous. Quartzite shows locally abundant 
Arenicoloides and herringbone cross-beds. Some 
3 cm thick granule horizons. Unit is ledge- 
forming, well exposed. Sharp upper contact..23.30
13. Quartzite; grayish orange (10YR7/4) fresh, 
moderate brown (5YR4/4) to black (Nl) 
weathered, medium to thick-bedded, very well 
indurated, coarse to very coarse grained, 
moderately sorted, subrounded, calcareous.
Lowest occurrence of Azenicoloides (< 1 cm 
long, 4 mm wide, 6 mm deep). Unit is ledge- 
forming, well exposed. Sharp upper contact... 1.17
12. Quartzite; grayish orange (10YR74) fresh, 
moderate brown (5YR4/4) to black (Nl) 
weathered, thin-bedded, very well indurated, 
medium to very coarse grained, moderately 
sorted, subrounded, calcareous, cross-laminated 
in tabular tangential sets 3 to 7 cm thick,
locally parallel-laminated. Unit is slightly
recessive, fairly well exposed. Sharp, 
erosional upper contact........................... 0.89
11. Quartzite; grayish orange (10YR7/4) fresh, 
moderate brown (5YR4/4) to black (Nl) or 
pinkish gray (5YR8/1) weathered, medium to 
thick-bedded, very well indurated, medium to 
very coarse grained, moderately sorted, 
subrounded, calcareous, cross-laminated in 
tabular tangential sets 3 to 7 cm thick,
locally parallel-laminated. Unit is ledge-
forming, well exposed. Sharp upper contact... 4.26
10. Sandstone; very pale orange (10YR8/2), thin- 
bedded, friable to fairly well indurated, 
medium to coarse-grained, moderately sorted, 
subrounded, calcareous, argillaceous. Unit is 
slope-forming, very poorly exposed. Sharp 
upper contact........................................1.37
9. Quartzite; white (N9) to very pale brown 
(5YR6/2) to moderate brown (5YR4/4) fresh, 
grayish brown (5YR3/2) to black (Nl) 
weathered, medium to thick-bedded, very well 
indurated, coarse to very coarse grained,
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moderately to well sorted, subrounded to 
rounded, slightly calcareous, herringbone 
cross-bedded, cross-stratified in tabular 
angular sets up to 25 cm thick. Unit is ledge- 
forming, well exposed. Sharp upper contact... 2.60
8. Sandstone; yellowish gray (5Y7/2) fresh, 
yellowish gray (5Y7/2) to grayish brown 
(5YR3/2), very thin bedded, friable, medium- 
grained, well sorted, subrounded, argillaceous. 
Unit pinches out laterally in 10 m. Unit is 
slope-forming, poorly exposed. Sharp upper 
contact..............................................0.235
Quartzite; very pale orange (10YR8/2) and 
moderate reddish orange (10R6/6) fresh, 
moderate orange pink (5YR8/4) to grayish brown 
(5YR3/2) weathered, thin-bedded, very well 
indurated, coarse-grained, well sorted, 
subrounded, very slightly calcareous, cross­
laminated in tabular angular sets. Unit is 
ledge-forming, well exposed. Sharp upper 
contact...............................................0.63
Sandstone; grayish orange (10YR7/4) fresh, 
thin-bedded, friable to well indurated, medium 
to very coarse grained, well sorted, subrounded 
to rounded, slightly calcareous, cross­
laminated in tabular angular sets up to 11 cm 
thick. Unit is weak ledge-forming, fairly well 
exposed. Gradational upper contact............ 1.22
Sandstone; pale yellowish orange (10YR8/6) and 
grayish brown (5YR3/2) fresh, grayish orange 
(10YR7/4) weathered, thin-bedded, moderately 
indurated, coarse to very coarse-grained, 
moderately sorted, subangular to subrounded, 
calcareous. Unit is slope-forming, poorly 
exposed. Gradational upper contact............ 0.20
Sandstone; grayish red (5R4/2), very thinly 
bedded, friable, coarse-grained, poorly sorted, 
subrounded, non-calcareous. Unit is slope- 
forming, very poorly exposed. Gradational 
upper contact....................................... 1.30
Sandstone; grayish red (5R4/2), very thinly 
bedded, friable, coarse-grained, moderately 
sorted, subrounded, non-calcareous, cross­
laminated in tabular angular sets. Unit is 
slope-forming, poorly exposed. Gradational 
upper contact...................................... 0.325
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2. Sandstone; pale greenish yellow (10Y8/2) fresh, 
unbedded, friable, medium-grained, poorly 
sorted, subangular to subrounded, non- 
calcareous, argillaceous. Unit is slope- 
forming, very poorly exposed. Sharp upper 
contact.................................   0.015
1. Sandstone; dark grayish red (10R3/2) fresh, 
grayish red (10R4/2) and moderate reddish 
orange (10R6/6) weathered, very thinly bedded, 
friable, medium to coarse-grained, poorly 
sorted, subangular to subrounded, non- 
calcareous. Unit is slope-forming, very poorly 
exposed. Sharp upper contact.................... 1.21
Total of Tapeats Sandstone..................48.19
Precambrian crystalline basement:
0. Granite and biotite schist. Granite; moderate 
reddish orange (10R6/6), friable, very coarsely 
crystalline. Biotite schist; black (Nl), 
moderately "indurated", very coarsely 
crystalline. Precambrian-Cambrian contact very 
poorly exposed; undulates within 1 m.
SHEEP MOUNTAIN
(Measured in the bulldozer cuts on the southwestern flank 
of Sheep Mountain; Wl/2, Sec. 32, T25S, R60E, unsurveyed; 
in the Roach, Nevada, 7.5' topographic quadrangle.)
Muav Limestone (incomplete): Meters
33. Limestone; "gray", cliff-forming......... Unmeasured
Chisholm Shale:
32. Clayshale; grayish olive (10Y4/2), papery thin, 
slope-forming, very poorly exposed.
Gradational upper contact placed at base cliff- 
forming Muav Limestone; located to within 1 
m ...................................................... 6.08
31. Limestone; medium light gray (N6) with light
brown (5YR5/6) spots fresh, light gray (N7) and 
light brown (5YR5/6) weathered, very thinly to 
medium-bedded, friable to well indurated, 
strongly calcareous (samples SM-28, 29, & 30). 
Thin-section shows unit is glauconitic (1%) 
pelmicrite/lime wackestone partially replaced
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by ankerite. Unit is weak ledge-forming,
poorly exposed. Sharp upper contact........... 3.42
30. Clayshale; moderate grayish red (5R5/2) and 
light olive gray (5Y5/2), papery thin to very 
thinly bedded, slope-forming, poorly exposed. 
Gradational upper contact........................15.00
Total of Chisholm Shale..................... 24 . 50
Lyndon Limestone:
29. Limestone; light gray (N7) with light brown 
(5YR5/6) stains fresh, medium light gray (N6) 
with light brown (5YR5/6) pits weathered, thick 
to very thick-bedded, very well indurated 
(sample SM-26). Most of unit appears to be an 
oomicrite or pelmicrite/1ime packstone.
Uppermost 5 cm of unit is light olive gray 
(5Y6/1) trilobite-fragment biomicrite/1ime 
wackestone (sample SM-27). Unit is cliff- 
forming, well exposed. Sharp upper contact... 3.73
28. Limestone; medium light gray (N6) fresh and 
weathered, thin to medium-bedded (thinning 
upward), very well indurated, strongly 
calcareous, dense. Rock appears to be an 
oomicrite or pelmicrite/lime packstone. Unit 
is slope-forming, very poorly exposed.
Gradational upper contact........................ 2.02
27. Limestone; medium light gray (N6) fresh and 
weathered, thin (lower 1 m) to very thick 
(upper 2 m), very well indurated, strongly 
calcareous, dense (SM-25). Rock appears to be 
an oomicrite or pelmicrite/1ime packstone.
Unit is slope-forming (at base) to cliff- 
forming, poorly (at base) to well exposed. 
Gradational upper contact........................ 3.00
26. Limestone; medium light gray (N6) to light gray 
(N7) weathered, thin (lower 1 m) to thick 
(central portion) to very thick-bedded (upper 2 
m ) , very well indurated, strongly calcareous, 
dense (sample SM-24). Thin-section shows rock 
is an oomicrite/1ime packstone with medium 
sand-sized ooids exhibiting well-preserved 
radial internal structure, 10% echinoid 
fragments, 3% fine sand-sized quartz, 2% fine 
sand-sized glauconite, 0.1% muscovite. Unit is 
often cross-laminated in sets < 10 cm thick.
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Unit is highly fractured, cliff-forming, well 
exposed. Sharp upper contact................... 8.25
Limestone; very pale orange (10YR8/2) to 
grayish orange pink (5YR7/2) fresh, grayish 
orange (10YR7/4) weathered, medium-bedded, very 
well indurated, strongly calcareous (SM-23).
Rock appears to be composed of medium sand­
sized ooids; oomicrite/lime packstone. Unit is 
very thinly cross-laminated in tabular to 
trough-shaped sets (tangential foreset- 
contacts); rare herringbone cross-beds. Unit 
is cliff-forming, well exposed, distinctive 
marker. Gradational upper contact............. 3.20
Total of Lyndon Limestone.................. 20 . 20
Shale:
Mudshale (90%) and sandstone (10%). Mudstone; 
grayish red (10R4/2) primarily (90%) and 
greenish gray (5GY6/1), very thin bedded. 
Sandstone; very thin bedded, very fine-grained, 
calcareous, micaceous; grades to siltstone and 
siltshale. Unit is lenticular-bedded, slope- 
forming, very poorly exposed. Gradational 
upper contact...................................... 16.33
Sandstone (95%) and siltshale to siltstone 
(5%). Sandstone; grayish orange pink (5YR7/2) 
fresh, pale yellowish brown (10YR6/2) 
weathered, very thin (at base) to medium-bedded 
(upper 60 cm), fairly well indurated, very 
fine-grained, very well sorted, subrounded, 
calcareous, glauconitic, micaceous (sample SM- 
22). Siltshale; greenish gray (5GY6/1), very 
thin bedded, micaceous. Thin-section shows 
sandstone is composed of 93% quartz, 5% 
glauconite, 2% muscovite. Unit is flaser-bedded 
to ripple cross-laminated with mud flasers, 
particularly in basal 160 cm. Unit is slope- 
forming (at base) to weak ledge-forming (upper 
60 cm), poorly to fairly well exposed. Sharp 
upper contact........................................2.22
Mudshale to siltstone (95%) and sandstone 
(5%). Mudrock; grayish red (10R4/2) and 
greenish gray (5GY6/1), very thin bedded. 
Sandstone; very thin bedded, very fine grained. 
Unit is lenticular-bedded, slope-forming, very 
poorly exposed. Gradational upper contact.... 5.63
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21. Sandstone (95%) and siltshale to siltstone
(5%); Diamond Bar Sandstone Member. Sandstone; 
grayish red (10R4/2) fresh and weathered, thin 
to medium-bedded, well indurated, borderline 
silt and very fine sand-sized, very well 
indurated, subrounded, slightly calcareous, 
glauconitic, micaceous (sample SM-21).
Siltshale; greenish gray (5GY6/1), papery thin, 
micaceous. Thin-section shows sandstone 
composed of 97% quartz, 2% glauconite, 1% 
muscovite; texturally supermature 
quartzarenite. Unit is flaser-bedded to ripple 
cross-laminated (lenticular-shaped sets with 
tangential foreset-contacts up to 2 cm thick) 
with mud flasers, weak ledge-forming, fairly 
well exposed. Covered upper contact; sharp?..5.13
20. Mudshale to siltstone (95%) and sandstone 
(5%). Mudrock; grayish red (10R4/2) and 
greenish gray (5GY6/1), papery thin.
Sandstone; very fine grained, very thin bedded.
Unit is lenticular-bedded, slope-forming,
poorly exposed. Gradational upper contact.... 5.10
19. Sandstone; light greenish gray (5GY8/1) fresh, 
pale yellowish brown (10YR6/2) weathered, 
medium-bedded, well indurated, very fine 
grained, very well sorted, rounded, calcareous 
(sample SM-20). Skolithos burrows present (1 
mm diameter). Thin-section shows rock composed 
of 99% quartz, 1% magnetite, 0.1% muscovite; 
texturally supermature quartzarenite. Unit is 
weak ledge-forming, fairly well exposed. Sharp 
upper contact........................................0.20
18. Mudshale (95%) and sandstone (5%). Mudshale; 
grayish red (5R4/2) primarily and pale olive 
(10Y6/2), micaceous. Sandstone; very fine 
grained. Unit is lenticular to wavy-bedded, 
slope-forming, poorly exposed. Gradational 
upper contact........................................8.40
17. Sandstone; grayish red (10R4/2) and pale olive 
(10Y6/2) fresh, grayish red (5R4/2) and pale 
olive (10Y6/2) weathered, medium-bedded, well 
indurated, fine-grained, non-calcareous, 
micaceous (sample SM-19). Very thinly 
parallel-laminated to ripple cross-laminated 
with abundant symmetrical wave-ripple marks 
(wavelength 4 cm, amplitude 3 mm). Unit is 
weak ledge-forming, fairly well exposed. Sharp 
upper contact...................................... 13.30
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16. Clayshale to mudshale (60%) and sandstone
(40%). Mudrock; grayish olive (10Y4/2), olive 
gray (5Y4/1), or brownish gray (5YR4/1), 
micaceous, tectonically contorted and folded. 
Sandstone; light gray (N7) fresh, medium light 
gray (N6) weathered, very thin to thin-bedded, 
very well indurated, fine-grained, well sorted, 
well rounded, glauconitic (10%), calcareous, 
lustrous, locally platy. Sedimentary 
structures include primary current lineations, 
lenticular to wavy-bedding, wrinkle marks.
Unit is slope-forming, extremely poorly
exposed, faulted? Gradational upper
contact..............................................36.22
15. Sandstone; light gray (N7) fresh, medium light 
gray (N6) weathered, medium-bedded, very well 
indurated, fine-grained, well sorted, well 
rounded, calcareous, glauconitic (sample 
SM-18). Thin-section shows rock is composed of 
10% glauconite; texturally supermature 
quartzarenite. Unit is weak ledge-forming, 
fairly well exposed. Sharp upper contact 0.30
14. Sandstone (70%) and mudshale to mudstone
(30%). Sandstone; brownish gray (5YR4/1) fresh 
and weathered with moderate brown (5YR4/4) 
joint faces, very thin to medium-bedded, well 
indurated, very fine grained, glauconitic 
(20%), very thinly parallel-laminated (sample 
SM-17). Mudrock; olive gray (5Y4/1) to grayish 
olive (10Y4/2), micaceous. Unit is wavy- 
bedded, slope-forming, fairly well exposed. 
Gradational upper contact.........................1.62
13. Mudshale to mudrock (70%) and sandstone (30%). 
Mudrock; olive gray (5Y4/1) to grayish olive 
(10Y4/2), micaceous. Sandstone; medium light 
gray (N6) fresh, pale brown (5YR5/2) weathered, 
thin-bedded, well indurated, very fine grained, 
well sorted, subrounded, non-calcareous (sample 
SM-16). Texturally supermature quartzarenite 
with abundant Planolites and interference 
ripple marks. Unit is lenticular to wavy- 
bedded, slope-forming, fairly well exposed. 
Gradational upper contact......................... 5.57
12. Quartzite; dark grayish red (5R3/2) fresh and 
weathered, medium-bedded, very well indurated, 
fine-grained, well sorted, subrounded, 
calcareous, lustrous, micaceous (sample SM-15). 
Unit is a texturally supermature quartzarenite,
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weak ledge-forming, fairly well exposed. Sharp 
upper contact.......  0.49
11. Mudshale (95%) and sandstone (5%). Mudshale; 
grayish red (5R4/2) in basal 2 m, brownish gray 
(5YR4/1) and light olive gray (5Y5/2) 
elsewhere. Sandstone; very thin to thin- 
bedded, well indurated, very fine grained, very 
well sorted, subrounded, micaceous (3% 
muscovite), glauconitic (1%), calcareous, 
parallel-laminated (sample SM-14). Unit is 
lenticular-bedded, slope-forming, poorly 
exposed. Gradational upper contact.............9.98
10. Mudshale to mudstone (80%) and sandstone (20%). 
Mudrock; pale olive (10Y6/2), micaceous.
Sandstone; reddish brown (10R4/4), very thin, 
well indurated, very fine grained, calcareous.
Unit is lenticular to wavy-bedded, slope-
forming, fairly well exposed. Gradational
upper contact...................................... 17.78
9. Mudshale to mudstone (80%) and sandstone (20%). 
Mudrock; pale olive (10Y6/2), micaceous.
Sandstone; very pale purple (5R7/2) or reddish 
brown (10R4/4), very thin, well indurated, 
fine-grained, very thinly parallel-laminated, 
lustrous, micaceous (sample SM-13). Unit is 
lenticular to wavy-bedded, slope-forming, 
fairly well exposed. Gradational upper 
contact..............................................16.40
8. Sandstone; reddish brown (10R4/4) fresh with 
moderate brown (5YR4/4) stains, moderate 
reddish brown (10R4/6) weathered, medium- 
bedded, well indurated, very fine grained, very 
well sorted, subrounded, calcareous, very 
thinly parallel-laminated (SM-12). Thin- 
section shows rock composed of 92% quartz, 5% 
trilobite fragments, 2% muscovite, 1% 
glauconite, 0.1% echinoid fragments; very 
porous; texturally supermature quartzarenite.
Unit is weak ledge-forming, fairly well
exposed. Sharp upper contact.................... 0.25
7. Mudshale to mudstone (70%) and sandstone (30%). 
Mudrock; pale olive (10Y6/2) fresh and 
weathered, very thin bedded, micaceous.
Sandstone; very pale purple (5P7/2) fresh, and 
very pale purple to dark grayish red (10R3/2) 
weathered, thin-bedded, very well indurated, 
very fine grained, very well sorted,
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subrounded, very thinly parallel-laminated 
(sample SM-11). Thin-section shows sandstone 
composed of 92% quartz, 5% trilobite fragments,
2% muscovite, 1% glauconite, 0.1% echinoid 
fragments; texturally supermature 
quartzarenite. Unit is lenticular to wavy- 
bedded, slope-forming, fairly well exposed. 
Gradational upper contact........................15.20
Total of Pioche Shale...................... 160.12
Tapeats Sandstone:
6. Quartzite; dark reddish brown (10R3/4) in basal 
150 cm and very pale orange (10YR8/2) to 
grayish orange (10YR7/4) in upper 44 cm fresh 
and weathered, medium-bedded, well indurated, 
borderline medium and coarse-grained, well 
sorted, rounded, slightly calcareous, highly 
fractured, blocky (sample SM-10). Texturally 
supermature quartzarenite with abundant 
Skolithos (5 mm diameter) in lower 150 cm and 
abundant Planolites (5 mm in raised relief on 
top of bed, 1 cm wide, 30+ cm long) in upper 44 
cm. Unit is ledge-forming, fairly well 
exposed. Gradational upper contact.............1.94
5. Quartzite; white (N9) fresh, pinkish gray 
(5YR8/1) weathered, medium to thick-bedded, 
well indurated, medium-grained, well sorted, 
subrounded, very slightly calcareous, 
fractured, blocky, thinly cross-laminated 
(tabular to wedge-shaped sets up to 20 cm thick 
with tangential to angular foreset-contacts), 
texturally supermature, quartzarenitic (sample 
SM-9). Unit is ledge-forming, fairly well 
exposed. Gradational, indistinct upper contact 
located to within 25 c m ........................... 5.70
4. Quartzite; very pale orange (10YR8/2) to 
grayish orange pink (5YR7/2) weathered 
primarily, locally moderate red (5R5/4) or pale 
yellowish brown (10YR6/2) weathered, medium to 
thick-bedded, well indurated, coarse to very 
coarse grained, well sorted, subrounded, 
calcareous, highly fractured, blocky (sample 
SM-8). Unit is cross-stratified in tabular to 
wedge-shaped sets (tangential to angular 
foreset-contacts) up to 10 cm thick. Unit is 
slope-forming, very poorly exposed.
Gradational upper contact........................13.90
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3. Mudshale to siltshale; pale olive (10Y6/2),
micaceous. Unit is slope-forming, very poorly 
exposed. Sharp upper contact................... 0.78
2. Sandstone; moderate red (5R4/6) fresh and
weathered (basal 2 m), yellowish gray (5Y8/1), 
and white (N9), medium to thick-bedded, friable 
to well indurated, medium to very coarse 
grained, well sorted, subrounded, calcareous to 
strongly calcareous, vaguely cross-stratified 
(samples SM-5, 6, & 7). Unit is slope-forming, 
poorly exposed..................................... 7.85
1. Sandstone; dark reddish brown (10R3/4) 
weathered, thin-bedded, friable, medium- 
grained, moderately sorted, subrounded. Unit 
is slope-forming, extremely poorly exposed. 
Gradational upper contact........................ 7.40
Total of Tapeats Sandstone 37 . 57
Precambrian crystalline basement:
0. Intensely sheared rapakivi granite; moderate 
orange pink (10R7/4) and light gray (N7) 
phenocrysts in a greenish black (5G2/1) 
groundmass, extremely coarsely crystalline. 
Thin-section shows rock composed of megacrysts 
of rounded perthitic K-spar in a severely 
sheared, biotite-rich groundmass (sample SM-1).
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APPENDIX C
STRATIGRAPHY OF CAMBRIAN UNITS IN NEIGHBORING REGIONS 
Spring Mountains— Death Valley Region 
Wood Canyon Formation.— The Wood Canyon Formation was 
named by Nolan (1929, p. 463-464) after a canyon of the 
same name in the northwestern Spring Mountains (Fig. 2). 
Recognized throughout the Spring Mountains--Death Valley 
region, the Wood Canyon Formation forms a 1 ithologically 
heterogeneous wedge of siltstone, quartzite, conglomerate, 
and dolostone that pinches out near the eastern edge of 
the region but thickens to over 1200 m in western 
exposures (Stewart, 1970). Stewart (1966, p. C71) divided 
this formation into three members of regional extent: (1) 
a slope-forming lower member composed of siltstone and 
fine-grained quartzite with minor amounts of dolostone;
(2) a cliff-forming middle member composed of arkosic, 
fine- to medium-grained quartzite with minor amounts of 
conglomerate and siltstone; and (3) a slope-forming upper 
member lithologically similar to the lower member.
Ranging in thickness from less than 30 m in eastern 
and southeastern sections to more than 300 m in 
northwestern sections, the Upper Member has been assigned 
an Early Cambrian age based on trilobites discovered in 
the upper half of this unit (Stewart, 1970). According to 
Stewart (1970), the Upper Member is stratigraphically 
correlative with the lower Prospect Mountain Quartzite of
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the Pioche mining district and the lower Tapeats Sandstone 
of the Grand Canyon and Lake Mead regions.
In detail, the Upper Member of the Wood Canyon 
Formation consists primarily of siltstone and quartzite 
with minor amounts of dolostone and limestone in the upper 
half of the unit. Composed of silt-sized detrital quartz 
grains with minor localized concentrations of feldspar in 
a muscovite-chlorite matrix, the siltstone is commonly 
platy and ranges in color from grayish olive (10Y4/2) to 
greenish gray (5GY6/1) to moderate yellowish brown 
(10YR5/4). Trace fossils such as trilobite(?) scratches 
and trails, drag marks, and worm borings are abundant, and 
Skolithos tubes are common in the upper half of the Upper 
Member. Wrinkle marks are often observed on sandy coarse 
siltstone beds (Stewart, 1970).
Approximately 40% of the Upper Member consists of 
yellowish gray (5Y8/1), very fine to fine-grained, thinly 
to very thickly bedded quartzite commonly interbedded with 
siltstone. The quartzite is almost always thinly parallel- 
laminated, although small-scale cross-stratification 
occurs rarely. Composed primarily of subangular quartz 
grains with subordinate amounts of feldspar tightly 
cemented by quartz overgrowths, the quartzite is usually 
quartzarenitic but is also rarely arkosic. In the upper 
half of the member, carbonate-replaced trilobite fragments
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are common in some quartzite beds and are associated with 
Skolithos tubes (Stewart, 1970).
The upper half of the Upper Member is also 
characterized by a regionally persistent, 15- to 45-m- 
thick unit containing 20 to 60% carbonate minerals. This 
carbonate unit ranges from a thinly to very thickly 
bedded, moderate yellowish brown (10YR5/4) dolostone in 
the east and southeast to pale yellowish brown (10YR6/2) 
limestone in the west and northwest parts of the Spring 
Mountains— Death Valley region. Much of this unit is 
oolitic and contains minor amounts of coarse silt to very 
fine sand-sized detrital quartz grains. In the limestone 
beds of western and northwestern sections, archaeocyathids 
have been found in the basal 9 to 38 m whereas Skolithos- 
bearing quartzites, limestones, and siltstones are 
abundant in the upper half of the carbonate-bearing unit. 
Hyolithes, brachiopods, and pelmatozoan debris have also 
been found in the upper half of the Upper Member (Stewart, 
1970).
Zabriskie Quartzite.— The Zabriskie Quartzite was 
originally described as the uppermost member of the Wood 
Canyon Formation by Hazzard (1937, p. 309-310) but was 
later elevated to formational rank by Wheeler (1948, p. 
26). Defined by Hazzard on the western slopes of the 
Resting Springs Range in Inyo County, California (Fig. 2),
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the Zabriskie Quartzite is recognized throughout the 
Spring Mountains--Death Valley region. Like the 
conformably underlying Wood Canyon Formation, the 
Zabriskie Quartzite wedges out near the eastern edge of 
the region but thickens to more than 300 m in western and 
northwestern portions of the Spring Mountains— Death 
Valley region (Stewart, 1970). The Zabriskie has been 
assigned an Early Cambrian age based on its stratigraphic 
position between units bearing Early Cambrian trilobites 
(i.e., the Wood Canyon and Carrara formations). The 
Zabriskie is stratigraphically equivalent to the uppermost 
Prospect Mountain Quartzite in the Pioche mining district 
and the upper Tapeats Sandstone of the Lake Mead region 
(Stewart, 1970).
Consisting of a dense, light-colored, cliff-forming 
quartzite, the Zabriskie Quartzite, as defined by Hazzard 
(1937), includes some fine-grained quartzite and siltstone 
beds that are transitional into the underlying Wood Canyon 
Formation. Because similar transitional beds lie near the 
base of the overlying Carrara Formation, Palmer and Hailey 
(1979) included them in the Zabriskie Quartzite and named 
this upper transitional zone the Emigrant Pass Member 
after exposures in the southern Nopah Range (Fig. 2) north 
of Emigrant Pass, California. Two members are therefore 
recognized in the Zabriskie Quartzite: an unnamed, 
dominant lower member and the formation-capping Emigrant
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Pass Member. This uppermost member of the Zabriskie 
Quartzite ranges from 0 to 51 m in thickness (Palmer and 
Hailey, 1979).
Due to their transitional nature, the lower and upper 
contacts of the Zabriskie are difficult to define.
Stewart (1970) placed the lower contact at the lowest 
occurrence of quartzite bearing medium sand-sized grains 
as seen in hand specimen. Palmer and Hailey (1979) placed 
the upper contact of the Zabriskie Quartzite atop the 
uppermost vitreous quartzite bed. These definitions are 
adopted in the present study as well.
The Zabriskie Quartzite primarily consists of pinkish 
gray (5YR8/1), fine- to medium-grained, cliff-forming, 
vitreous quartzite composed almost entirely of rounded, 
tightly silica-cemented, quartz grains. Although zircon, 
tourmaline, and muscovite grains occur, the Zabriskie 
averages 97% quartz and is thus a quartzarenite. Spotty, 
apparently random concentrations of conglomeratic material 
(primarily quartz) also occur in the Zabriskie as thin 
layers of pebbles up to 5 cm in diameter (Stewart, 1970). 
About 2% of the Zabriskie consists of interbedded 
siltstone and mudstone (Barnes and Klein, 1975).
The Emigrant Pass Member consists of the following 
lithostratigraphic units: (1) a lower, slope-forming unit 
of mudstone, shale, or phyllitic shale interbedded with 
siltstone and quartzite; and (2) an upper orthoquartzitic
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unit composed of medium-bedded, moderately sorted, medium- 
to coarse-grained, pink, white, or pale green 
quartzarenite interbedded with siltstone (Palmer and 
Hailey, 1979). Primary sedimentary structures found 
within the Emigrant Pass Member include mud cracks in the 
upper half of the member and herringbone cross-beds. In 
the northwest corner of the Spring Mountains--Death 
Valley region, stromatolites and fenestral fabric have 
been observed within limestone beds immediately overlying 
the Emigrant Pass Member. As Palmer and Hailey (1979) 
recognized, these structures suggest that at least some of 
the Emigrant Pass Member records intermittent exposure and 
possible intertidal conditions.
Working in approximately the same stratigraphic 
interval that Palmer and Hailey (1979) later defined as 
the Emigrant Pass Member, Barnes and Klein (1975) observed 
the following sedimentary structures: (1) herringbone 
cross-stratification, (2) reactivation surfaces, (3) 
flaser-bedding, (4) Monocrater ion ichnofossils, (5) 
Skolithos tubes, (6) mud cracks, (7) raindrop impressions, 
(8) interference ripple marks, and (9) pseudonodules.
Based on these features, they concluded (Barnes and Klein, 
1975, p. 164) that the uppermost Zabriskie (i.e., the 
Emigrant Pass Member) represents intertidal deposition and 
that the remaining portion of the Zabriskie records
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deposition as a "coalescing complex of subtidal, tide- 
dominated sand bodies."
Carrara Formation.— Cornwall and Kleinhampl (1961) named 
the 1ithologically heterogeneous Carrara Formation after 
the ghost town of Carrara 13 km southeast of Beatty,
Nevada, near Bare Mountain (Fig. 2). Recognized 
throughout the Spring Mountains--Death Valley region, the 
Carrara conformably overlies the Lower Cambrian Zabriskie 
Quartzite and is conformably overlain by the Middle 
Cambrian Bonanza King Formation (Fig. 4). Generally 400 
to 600 m thick, the Carrara Formation has been assigned an 
Early Cambrian to early Middle Cambrian age based on 
trilobites within the formation (Stewart, 1970).
According to Palmer and Hailey (1979), the Carrara is 
stratigraphically correlative with the Pioche Shale,
Lyndon Limestone, and Chisholm Shale of the Pioche mining 
district and with the upper Tapeats Sandstone(?) and 
Bright Angel Shale of the Grand Canyon region (Fig. 4).
The Carrara consists of a heterogeneous mixture of 
olive gray (5Y4/1) to greenish gray (5GY6/1) siltstone and 
shale, medium gray (N5) limestone, and yellowish brown 
(10YR5/4) silty limestone to limy siltstone (Palmer and 
Hailey, 1979). Palmer and Hailey divided the Carrara into 
nine 1ithologically distinct, laterally extensive members 
(Fig. 4) which form three complete and one partial clastic-
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carbonate sedimentary cycles. The stratigraphy of each of 
these members, as described by Palmer and Hailey (1979), 
is summarized below.
Eagle Mountain Shale Member.--Defined from exposures on 
the west side of Eagle Mountain in Inyo County,
California, where it is thickest (Palmer and Hailey,
1979), this member typically consists of a slope-forming, 
green to grayish brown, silty shale with accessory 
interbeds of 1- to 10-cm-thick, silt- to sand-sized 
terrigenous or carbonate material. Terrigenous 
si1iciclastic interbeds predominate in basal parts of the 
member and are usually found as 3- to 4-m-long lenses. 
Carbonate interbeds predominate in the upper half of the 
Eagle Mountain Shale, where they form thinly bedded lenses 
of echinoderm- and trilobite-fragment packstones with a 
muddy carbonate and terrigenous siliciclastic matrix 
(Palmer and Hailey, 1979).
Palmer and Hailey (1979) placed the upper contact of 
the Eagle Mountain Shale Member at the base of the lowest 
limestone ledge thicker than 0.5 m in the Carrara 
Formation. Nearly 60 m thick near the center of the 
Spring Mountains--Death Valley region, the member thins to 
less than 10 m thick near the outer periphery of the 
region. According to Palmer and Hailey, the Eagle 
Mountain Shale correlates with beds that lie in the lower
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1/3 of the D-shale Member of the Pioche Shale in the 
Pioche mining district and with the upper Tapeats 
Sandstone at Frenchman Mountain in the Lake Mead region 
(Fig. 4). These correlations are based on Lower Cambrian 
trilobites found within the basal few meters of the 
member. Incomplete mud cracks which seem very similar in 
appearance to subaqueous shrinkage cracks (i.e., 
synaeresis cracks) were also observed on siltstone beds at 
the base of the Eagle Mountain Shale (Palmer and Hailey, 
1979 ) .
Thimble Limestone Member.--Conformably overlying the Eagle 
Mountain Shale, the Thimble Limestone is best exposed at 
its type locality beneath Thimble Peak on the west side of 
Titanothere Canyon in the Grapevine Mountains, Inyo 
County, California (Palmer and Hailey, 1979). Recognized 
throughout the Spring Mountains— Death Valley region, this 
member is characterized by black, brown, and orange, 
thinly bedded, argillaceous dolomitic limestone with a 
variable clay content. Each bed consists of a lower dark- 
gray limestone portion and an upper orange argillaceous or 
dolomitic portion. The lower part is typified by quartz 
silt, trilobite fragments, and orange argillaceous 
limestone or dolostone pebbles. Locally, the Thimble 
Limestone contains interbeds of oolite grainstones or 
peloidal fenestral limestones. Low-relief stromatolites
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have also been observed in this interval (Palmer and 
Hailey, 1979).
Unlike the underlying Eagle Mountain Shale but typical 
of the Carrara limestone members, the Thimble Limestone 
thickens from 0 to 50 m from southeastern to northwestern 
parts of the Spring Mountains--Death Valley region. 
Therefore, the member forms a laterally persistent, 
relatively thin, northwestwardly thickening wedge similar 
to those of the underlying Zabriskie and Wood Canyon 
formations. According to Palmer and Hailey (1979), the 
Thimble Limestone Member is correlative with beds that lie 
within the central portion of the D-shale Member of the 
Pioche Shale in the Pioche mining district and with the 
upper Tapeats Sandstone at Frenchman Mountain (Fig. 4). 
These correlations are based on trilobite assemblage 
zones.
Echo Shale Member.— Named for exposures at the "Narrows" 
of Echo Canyon in the Funeral Mountains, Inyo County, 
California, the Echo Shale Member consists of a green, 
micaceous, platy shale very similar to that of the 
underlying Eagle Mountain Shale except for the localized 
presence of brown or orange limestone interbeds within the 
former unit. The Echo Shale also shares a similar 
thickness geometry with the older Eagle Mountain Shale in 
that the former thins from a maximum thickness of 42 m
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near the center of the Spring Mountains--Death Valley 
region to about 10 m or less south, west, and east of this 
point. According to Palmer and Hailey (1979), the Echo 
Shale Member is correlative with beds that lie in the 
upper 1/3 of the D-shale Member of the Pioche Shale in the 
Pioche mining district and with the upper Tapeats 
Sandstone at Frenchman Mountain (Fig. 4).
Gold Ace Limestone Member.— Defined near the Gold Ace mine 
in the canyon 0.8 km northwest of Carrara Canyon at Bare 
Mountain, Nye County, Nevada (Fig. 2), the Gold Ace 
Limestone Member primarily consists of a bioturbated 
oncolitic lime-mudstone that gradually becomes less 
argillaceous from east to west across the Spring 
Mountains— Death Valley region. Exhibiting a gradational 
lower contact and a sharp upper contact, the cliff-forming 
Gold Ace Limestone is composed of thin- to medium-bedded 
limestone beds delineated by slightly argillaceous, 
dolomitic, irregular burrowed horizons. Usually confined 
to a few burrows and oncoids, dolomite rarely exceeds 15% 
of the member (Palmer and Hailey, 1979).
In a manner very similar to that of the underlying 
Thimble Limestone, the Gold Ace Limestone forms a 
northwest-thickening wedge ranging from 0 to 68 m thick in 
the Spring Mountains— Death Valley region. This limestone 
wedge not only pinches out toward the southeast, it also
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becomes more argillaceous in that direction, changing in 
color from its typical dark gray or black to orangish 
brown. Approximately correlative units in adjoining 
regions include the Combined Metals Member of the Pioche 
Shale in the Pioche mining district and the uppermost 
Tapeats Sandstone at Frenchman Mountain (Palmer and 
Hailey, 1979).
Pyramid Shale Member.--Defined at the western foot of 
Pyramid Peak in the Funeral Mountains of Inyo County, 
California, the Pyramid Shale primarily consists of a 
green shale interbedded with brown and maroon siltstone 
and shale with accessory quartzite and limestone. The 
base of the member is normally marked by a fossiliferous, 
fissile, green and brown micaceous shale, whereas higher 
portions of the member become more silty. In the higher, 
silty portions of the member, lenticular to laterally 
continuous siltstone beds, locally bearing slump folds and 
flute casts, are interbedded with maroon shales. The 
degree of bioturbation also increases toward the top of 
the member, where Planolites(?) and Cruziana(?) traces 
have been observed (Palmer and Hailey, 1979).
Like the underlying Eagle Mountain Shale and Echo 
Shale members, the Pyramid Shale thins toward the west and 
northwest. According to Palmer and Hailey (1979), 
approximate correlatives in adjacent regions include (1)
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the C-shale, Susan Duster Limestone, and B-shale members 
o£ the Pioche Shale in the Pioche mining district; and (2) 
maroon and green sandstone and shale units within the 
lower half of the Pioche Shale at Frenchman Mountain (Fig. 
4) .
Red Pass Limestone Member.— Defined by Reynolds (1971) for 
exposures at Red Pass in the Grapevine Mountains of Inyo 
County, California, the cliff-forming Red Pass Limestone 
consists of burrowed, oncolitic, and skeletal-fragment 
lime mudstones, oolitic limestones, and various laminated 
lime mudstones and fenestral limestones. Oolite forms 
most of the member in eastern parts of the Spring 
Mountains— Death Valley region. The oolite and lime 
mudstone facies are commonly interbedded with green and 
brown calcareous shale. In western portions of the 
region, very light gray to white fenestral limestones and 
laminated lime mudstones form a relatively thin cap atop 
the Red Pass Limestone.
Because the Pyramid Shale— Red Pass Limestone contact 
is gradational, Palmer and Hailey (1979) placed the 
contact at the base of the first limestone bed at least 
0.5 m  thick. They placed the upper contact of the Red 
Pass Limestone at the relatively abrupt break in slope 
between underlying "clean'1 limestone and overlying shale, 
siltstone, or argillaceous limestone. Thus defined,
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Palmer and Hailey observed that the Red Pass Limestone 
thickens to the northwest in a pattern very similar to the 
underlying limestone members of the Carrara Formation. 
According to Palmer and Hailey (1979), beds approximately 
correlative with the Red Pass Limestone occur in the lower 
half of the A-shale Member of the Pioche Shale in the 
Pioche mining district, and in the central portion of the 
Pioche Shale at Frenchman Mountain (Fig. 4).
Pahrump Hills Shale Member.— Named for exposures in the 
Pahrump Hills northwest of Pahrump, Nye County, Nevada, 
the Pahrump Hills Shale consists of tan siltstone, red and 
green mudstone, and shale with accessory argillaceous 
limestone and fine-grained sandstone. The lower half of 
the member is dominated by an orangish brown, thinly 
bedded, carbonate-cemented, platy siltstone commonly 
exhibiting load casts and, in the western part of the 
Spring Mountains--Death Valley region, mud cracks. Rare 
halite crystal casts, straight superimposed bi-grooved 
trails, and Rusophycus traces are also found in the 
western part of the region. The upper half of the member 
consists of a heterogeneous succession of red, brown, and 
green mudstones and shales, cryptalgal limestones, thin 
oolites, and peloidal limestones. As a whole, the Pahrump 
Hills Shale shows increasing amounts of limestone toward 
the northwest due to the member's intertonguing
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relationship with the overlying Jangle Limestone Member 
(Palmer and Hailey, 1979).
Although the Pahrump Hills Shale has a saddle-shaped 
thickness geometry such that it thickens both to the 
southwest and northeast, the member generally thins to the 
northwest in a manner similar to that of the underlying 
shale members. According to Palmer and Hailey (1979), 
approximate correlatives include the upper half of the A- 
shale Member of the Pioche Shale in the Pioche mining 
district, and red and maroon sandstone, siltstone, and 
shale beds in the upper third of the Pioche Shale at 
Frenchman Mountain and Sheep Mountain (Fig. 4).
Jangle Limestone Member.— Defined by Johnson and Hibbard 
(1957, p. 339) for exposures at Jangle Ridge in the 
Halfpint Range, Nye County, Nevada, the cliff-forming 
Jangle Limestone consists of 1 to 5 limestone units 
separated by recessive-weathering, argillaceous limestone 
or calcareous shale. Conformable with both the underlying 
Pahrump Hills Shale and the overlying Desert Range 
Limestone members, the Jangle Limestone has gradational, 
arbitrarily defined, lower and upper contacts. Palmer and 
Hailey (1979) placed the lower contact at the base of the 
first burrowed lime-mudstone or oolite above the Pahrump 
Hills Shale thicker than 2 m and the upper contact between 
the massive, cliff-forming, "clean" limestone of the
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Jangle Limestone and the thinly bedded, recessive, 
argillaceous to "clean" limestone of the overlying Desert 
Range Limestone.
Lithologically, the Jangle Limestone is a 
heterogeneous mixture of trilobite- and echinoderm- 
fragment wackestones, packstones, and grainstones; lime 
mudstones; fenestral and laminated boundstones; and 
oolites. In terms of thickness geometry, the member forms 
a limestone wedge that thickens and becomes progressively 
less argillaceous to the northwest. According to Palmer 
and Hailey (1979), the Lyndon Limestone of the Pioche 
mining district and at Frenchman Mountain is approximately 
time-equivalent.
Desert Range Limestone Member.— Named for exposures in the 
Desert Range (Fig. 2) of Nye County, Nevada, the slope- 
forming Desert Range Limestone is the youngest member of 
the Carrara Formation. This member typically consists of 
a thinly bedded, black, argillaceous limestone with orange 
dolomitic partings. Trilobite packstones and wackestones 
are also fairly common. Localized intervals of green or 
brown shale account for only a few meters of the member in 
central and eastern exposures of the Spring Mountains—  
Death Valley region (Palmer and Hailey, 1979).
Due to its gradational upper contact with the Middle 
Cambrian Bonanza King Formation and the fact that it is
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often distorted by faulting, the Desert Range Limestone 
shows substantial and inconsistent variations in thickness 
within the Spring Mountains— Death Valley region.
According to Palmer and Hailey (1979), the Desert Range 
Limestone is stratigraphically equivalent to the Chisholm 
Shale in the Pioche mining district and at Frenchman 
Mounta in.
Pioche Region
Prospect Mountain Quartzite.— This characteristically 
thick- to massive-bedded, coarse-grained to conglomeratic 
quartzite was named and originally defined by Hague (1883, 
p. 254) for exposures on Prospect Peak in the Eureka 
mining district of central Nevada (Fig. 2). Regional 
thickness variation of this formation is difficult to 
assess because the base of the formation has only been 
observed in the Beaver Mountains of western Utah 
(Woodward, 1968; Fig. 2). Partial sections of the 
Prospect Mountain Quartzite vary in thickness from 730 m 
in the Pioche mining district (Merriam, 1964) to 2,000 m 
in the Wah Wah Range (Fig. 2) of Beaver County, Utah 
(Miller, 1966). Because the immediately overlying beds of 
the Pioche Shale contain late Early Cambrian olenellid 
trilobites in the Pioche mining district (A. R. Palmer in 
Merriam, 1964), the Prospect Mountain Quartzite was 
assigned a probable Early Cambrian age by Merriam (1964).
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Based on the stratigraphic position of the lowest 
occurrence of olenellid trilobites, Merriam inferred that 
the Prospect Mountain Quartzite in the Pioche mining 
district is correlative with the Stirling Quartzite, Wood 
Canyon Formation, and Zabriskie Quartzite of the Spring 
Mountains— Death Valley region and with the Tapeats 
Sandstone of western Grand Canyon.
In the Pioche mining district, the Prospect Mountain 
Quartzite typically consists of a rose to reddish brown- 
weathering, dense, vitreous orthoquartzite exhibiting a 
wide range of grain sizes and moderate sorting (Merriam, 
1964). Although grayish red hues are especially 
characteristic, fresh rock colors range from white to 
brown. Compositionally, these quartzites primarily 
consist of subrounded to rounded quartz and rare feldspar 
grains tightly cemented by quartz overgrowths. Grain size 
varies from fine to very coarse sand, with finer samples 
showing a greater abundance of angular grains. Coarser 
layers sometimes contain well-rounded quartz pebbles as 
large as 1 cm in diameter (Merriam, 1964).
Grayish red, drab yellowish tan, and green shale 
interbeds are also abundant in the Prospect Mountain 
Quartzite. Commonly reddish or streaked with red, these 
intercalated shales are generally strongly micaceous and 
often exhibit lustrous sericitic bedding surfaces.
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Localized concentrations of siltstone and fine sandstone 
also occur in these shales (Merriam, 1964).
Bedding in the Prospect Mountain Quartzite of the 
Pioche mining district ranges from thinly laminated in 
shales to very thickly bedded (sensu Campbell, 1967) in 
quartzites. The lithologically dominant quartzites, 
however, usually range from thinly to very thickly bedded 
and are commonly cross-stratified. Conversely, shaly 
layers are occasionally ripple-marked and exhibit rare mud 
cracks. These shaly layers are also characterized by sub­
horizontal, anastomosing burrow casts (Planolites?), 
whereas Skolithos tubes are present in the reddish 
vitreous quartzites in the upper part of the formation 
(Merr iam, 1964) .
The Prospect Mountain Quartzite has a gradational 
upper contact similar to that of the correlative Zabriskie 
Quartzite of the Spring Mountains— Death Valley region.
In the Pioche mining district, Merriam (1964) placed this 
contact atop a vitreous quartzite horizon that caps a 
grayish red interval. Beneath this horizon lies a 15-m- 
thick "transition zone" of 5- to 15-cm-thick vitreous 
quartzite beds intercalated with bioturbated, partially 
red-stained, micaceous shales at least 60 cm thick.
Within this "transition zone", the shale proportion 
increases upward relative to that of the quartzite 
(Merr iam, 1964 ) .
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Pioche Shale.--This lithologlcally heterogeneous formation 
of micaceous and non-micaceous shale, siltstone, 
sandstone, and limestone was named by Walcott (1908, p.
11) for an exposure at Pioche Divide in the Ely Range 
(Fig. 2). Ranging in thickness from 155 m in the Wah Wah 
Mountains (Miller, 1966) to 250 m in the Ely-Highland 
Range vicinity (Merriam, 1964) to 270 m in the Delamar 
Mountains (Callaghan, 1937; Fig. 2), the Pioche Shale 
appears to thicken toward the southwest in the Pioche 
region. Based on the occurrence of late Early Cambrian 
olenellid trilobites near the base and early Middle 
Cambrian trilobites (e.g., Albertella) near the top of the 
formation, Merriam (1964) assigned the Pioche Shale of the 
Pioche mining district to the Lower and Middle Cambrian 
series. The Pioche Shale in this district is therefore 
correlative to the following units: (1) the Eagle Mountain 
Shale through Pahrump Hills Shale members of the Carrara 
Formation in the Spring Mountains— Death Valley region 
(Palmer and Hailey, 1979), (2) that portion of the Bright 
Angel Shale that lies beneath the Tincanebits Tongue in 
the western Grand Canyon (McKee, 1945), and (3) the lower 
shaly member of the Bright Angel Shale as described by 
Palmer and Nelson (1981) and the Pioche Shale as described 
by Pack and Gayle (19 71) at Frenchman Mountain in the Lake 
Mead region (Fig. 4).
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In the Pioche mining district, mining companies had 
long recognized that the Pioche Shale is divisible into 
six members traceable throughout the Pioche mining 
district when Merriam formally described them in 1964. 
Unfortunately, these members had been named in the order 
that they were encountered during drilling operations 
(i.e., from youngest to oldest). Although this naming 
procedure violated stratigraphic convention, Merriam 
(1964) decided to retain the ingrained mining 
terminology. In ascending order, the Pioche Shale members 
include the D-shale, Combined Metals, C-shale, Susan 
Duster Limestone, B-shale, and A-shale (Fig. 4). Palmer 
(1971) claims that these members are not recognizable 
beyond the Ely-Highland Range vicinity and notes that 
distinction between the B- and A-shale members is 
difficult as close as the Highland Range (Fig. 2).
Based on a rich trilobite fauna in the Pioche Shale, 
Palmer (in Merriam, 1964) placed the Lower Cambrian-Middle 
Cambrian boundary at the contact between the Combined 
Metals Member and the overlying C-shale Member. The 
stratigraphy of each of these members, as described by 
Merriam (1964), is briefly summarized below.
D-shale Member.— Averaging 53 m thick in the Pioche mining 
district, the D-shale Member gradationally overlies the 
Prospect Mountain Quartzite and is abruptly but
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conformably overlain by the Combined Metals Member. The D- 
shale Member is typically light olive gray (5Y6/1) to 
dusky yellow (5Y6/4) on freshly broken surfaces with olive 
gray (5Y4/1) partings. Weathered surfaces are often 
moderate yellowish brown (10YR5/4) and are ubiquitously 
lustrous due to a high sericite- and/or chlorite-content.
In the words of Merriam (1964, p. 17), bedding tends to be 
"uneven, crinkly, and bumpy", suggesting that it is 
bioturbated. Olenellid trilobite "impressions" (possibly 
Rusophycus?) are extremely abundant and bedding surfaces 
commonly reveal an assortment of tracks and other trace 
fossils. The "thick, lumpy, interlaced castings"
(possibly Planolites?) that are common in the uppermost 
portion of the Prospect Mountain Quartzite were not 
observed in the D-shale Member, however (Merriam, 1964, p. 
17). The proportion of coarse sand grains decreases 
upwards through the Prospect Mountain-Pioche transition 
zone such that D-shale sands are finer grained than those 
in the Prospect Mountain Quartzite. The reddish iron- 
oxide stains and dense vitreous character so typical of 
the underlying Prospect Mountain Quartzite were not 
observed in the D-shale Member (Merriam, 1964).
Combined Metals Member.--Averaging 15 m thick in the 
Pioche mining district, the Combined Metals Member was 
named after the Combined Metals Production Company, a firm
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that mined bedded zinc and lead ores extensively from this 
unit. Consisting of a lower, 5-m-thick, thickly bedded to 
massive, calcareous sandstone and sandy limestone unit and 
an upper, 10-m-thick, well-bedded, argillaceous limestone 
unit, the Combined Metals Member is the principal host of 
lead-zinc ores in the Pioche mining district. Recognizing 
the importance of detailed stratigraphic control in a 
mining district characterized by manto-type ores cut by 
numerous high-angle normal faults, Merriam (1964) divided 
the lower argillaceous part into three lithologic subunits 
(i.e., subunits 1, 2, and 3 in ascending order) and the 
upper limestone part into two lithologic subunits (i.e., 
subunits 4 and 5 in ascending order). Subunit l'consists 
of a fine- to medium-grained, slightly calcareous 
sandstone; subunit 2 of a fine-grained, strongly 
calcareous sandstone to sandy limestone; and subunit 3 of 
a very fine-grained, strongly micaceous, calcareous 
sandstone. Typically well-sorted, these sandstones are 
composed of 40 to 90% subrounded to angular quartz grains 
with 2 to 8% chlorite and/or sericite grains. Subunits 4 
and 5, on the other hand, consist of a thickly bedded to 
massive, locally bioclastic, sandy limestone and a thinly 
bedded, nodular, carbonaceous limestone interbedded with 
argillaceous shale. Ovoid limestone structures of 
possible algal origin (possibly oncoids?) up to 1 cm in 
diameter are present in subunit 4, whereas silicified
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trilobites are locally abundant in subunit 5 (Merriam,
1964).
In addition to these features, Merriam (1964) noted 
that the Combined Metals Member shows an upward transition 
from basal quartz sands to impure limestones accompanied 
by a progressive upward decrease in quartz grain-size and 
an increase in argillaceous and carbonaceous material. 
Although similar upward gradations were observed in the 
limestone units of the A-shale Member, no explanation was 
offered for their occurrence. Upon reviewing the 
observations of Merriam (1964), however, the upward 
gradations exhibited by the Combined Metals Member seem 
very similar to those shown by the carbonate half-cycles 
of the Carrara Formation in the adjoining Spring Mountains- 
-Death Valley region.
C-shale Member.--This lithologically distinctive, 
relatively uniform shale contains the lowest stratigraphic 
occurrence of Middle Cambrian fauna observed in the Pioche 
mining district. Averaging 30 m thick in that area, the C- 
shale Member is characterized by sharp, conformable 
contacts with the underlying Combined Metals and the 
overlying Susan Duster Limestone members. Ranging from 
brownish olive gray (5YR5/1) to grayish olive (10Y4/2) on 
freshly broken surfaces, the member is characterized by 
its smooth, even bedding and an absence of silty or sandy
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interbeds. Limestone beds are also absent from the 
member. The only fossils recorded were a few poorly 
preserved "trilobite impressions" which may represent 
Rusophycus (Merriam, 1964).
Susan Duster Limestone Member.— This important marker bed, 
named after the Susan Duster mine in the Pioche mining 
district, is recognized throughout this district and in 
the adjoining Highland Range (Fig. 2) as well. Heavily 
replaced by sulfides locally, this ore-bearing member 
averages 5 m thick in the Pioche mining district. The 
Susan Duster Limestone is an unevenly bedded, medium gray 
(N5) to medium light gray (N6) limestone with a few olive 
argillaceous partings. Both trilobite and brachiopod 
fragments are abundant, but the latter are so plentiful 
locally that they form coquina (Merriam, 1964).
B-shale Member.— Approximately 52 m thick in the Pioche 
mining district, the B-shale member sharply, but 
conformably, overlies the Susan Duster Limestone and is 
gradationally capped by the sandstone marker bed at the 
base of the overlying A-shale Member. The B-shale Member 
consists of grayish olive brown, unevenly bedded, strongly 
micaceous shales, silty shales, and fine-grained 
sandstones with a few trace fossils on bedding surfaces. 
Reddish iron-oxide patches make their first appearance
2 7 4
since the top of the Prospect Mountain Quartzite. Very 
similar in most respects to the D-shale Member, the B- 
shale lacks chlorite-rich laminations, limestone horizons, 
and a rich assemblage of trilobite body fossils. However, 
the B-shale is even more extensively bioturbated than the 
D-shale (Merriam, 1964).
A-shale Member.— The uppermost and thickest of the Pioche 
Shale members, the A-shale is 94 m thick in the Pioche 
mining district. Although both contacts are probably 
conformable, the lower contact with the B-shale Member is 
gradational and the upper contact with the Lyndon 
Limestone is sharp and possibly disconformable based on 
its "sharply incised, slightly undulant surface" where 
well exposed (Merriam, 1964, p. 29). Significantly more 
heterogeneous lithologically than the other members of the 
Pioche Shale, the A-shale consists of non-micaceous to 
strongly micaceous shale, siltstone, and sandstone plus 
several types of limestone. Micaceous shales similar to 
those of the B-shale Member predominate, however. Silty, 
unevenly bedded, and bioturbated, these shales also 
contain "organic castings" (Merriam, 1964, p. 23). The A- 
shale is normally grayish olive brown on freshly broken 
surfaces and tan to brown on weathered surfaces. Reddish 
iron-oxide patches similar to those of the underlying B- 
shale are fairly common, especially in the upper portion
275
of the member. This portion of the A-shale is also 
characterized by limestone which accounts for about 23% of 
the unit. Ranging from 2 to 12 m thick, limestone beds 
vary from fairly pure, dense, fine-grained, detrital or 
oolitic to impure, argillaceous, and silty. Brown- 
weathering, fine-grained, locally calcareous, quartz 
sandstones also occur and are commonly associated with 
micaceous shales and limestones. Trilobites, brachiopods, 
and ovoid structures of possible algal origin are abundant 
in the impure and oolitic limestones. No dolomite was 
observed (Merriam, 1964).
Lyndon Limestone.--This massive, cliff-forming, limestone 
unit was named by Westgate and Knopf (1932, p. 10) for an 
exposure in Lyndon Gulch on the western flanks of the 
Highland Range (Fig. 2) near the Shodde mine. Averaging 
114 m thick in the Pioche mining district, the Lyndon 
Limestone has a sharp, possibly disconformable contact 
with the underlying Pioche Shale and a sharp, apparently 
conformable upper boundary with the overlying Chisholm 
Shale. Both contacts are poorly exposed in the Pioche 
mining district (Merriam, 1964).
Characteristically dense, fine-grained, or 
porcellaneous with very few iron or silica impurities, the 
Lyndon Limestone ranges from white (N9) to dark gray (N3) 
and is platy to thickly bedded and massive. In general,
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the limestones of the Lyndon fall into two groups based on 
color: (1) mainly massive, relatively pure, light gray
(N7) or white (N9) limestones; and (2) mostly thin-bedded, 
less pure, carbonaceous, medium gray (N5) to grayish black 
(N2) limestones. The darker gray, carbonaceous limestones 
are detrital and range from non-oolitic to oolitic. 
Although both groups are at least partially detrital, 
cross-bedding was only rarely observed in the Lyndon 
Limestone of the Pioche mining district. Dolomite is 
confined to the immediate vicinity of faults and fractures 
(Merr iam, 1964).
Merriam (1964) recognized three members within the 
Lyndon Limestone, namely the A, B, and C members. Member 
A, the oldest of these, is about 56 m thick in the Pioche 
mining district and consists of a basal, 6-m-thick, ledge- 
forming zone; a 43-m-thick, cliff-forming, middle zone; 
and an upper, 7-m-thick, thinly bedded zone. The basal 
ledge-former is dark gray (N3) and massive with slightly 
undulose partings. Oolites and ovoid structures of 
possible algal origin are abundant. The overlying cliff- 
former is medium gray (N5) to dark gray (N3) and massive 
with a few platy weathering, argillaceous limestone 
interbeds. Recognized throughout the Pioche mining 
district, the upper thinly bedded zone is dark gray (N3) 
and laminated (Merriam, 1964).
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Generally massive and cliff-forming, Member B is about 
43 m thick in the Pioche mining district. Freshly broken 
surfaces vary from medium gray (N5) and light gray (N7) 
to white (N9), whereas weathered surfaces are commonly 
stained pale pink (Merriam, 1964).
Member C, the uppermost member of the Lyndon 
Limestone, is about 7 m thick in the Pioche mining 
district. Very similar in character to those of Member A, 
the limestones of Member C are dark gray (N3), medium to 
thickly bedded, and locally argillaceous. Although 
oolites were not observed, oncoid-like bodies lacking 
internal laminations are present in Member C (Merriam, 
1964) .
Based on its stratigraphic position between the 
Albertella-bearing A-shale Member of the Pioche Shale and 
the Glossopleura-bearing Chisholm Shale, the Lyndon 
Limestone was assigned an early Middle Cambrian age 
(Merriam, 1964). The Lyndon Limestone of the Pioche 
mining district is thus coeval with the following units: 
(1) the Jangle Limestone Member of the Carrara Formation 
in the Spring Mountains— Death Valley region (Palmer and 
Hailey, 1979); (2) the Tincanebits and Meriwitica tongues 
of the western Grand Canyon (McKee, 1945); and (3) the 
"Lyndon Limestone equivalent" at Frenchman Mountain 
(Palmer and Nelson, 1981; Fig. 4).
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Chisholm Shale.--This lithologically distinctive and 
highly fossiliferous unit was defined by Walcott (1916, p. 
409) near the Chisholm mine in the Pioche mining 
district. Sharply but conformably overlain by the Middle 
Cambrian Highland Peak Formation, the Chisholm Shale is 
about 41 m thick in this district. Limestone locally 
accounts for 30% of the unit, although most of the 
formation consists of non-calcareous to calcareous shale. 
Typically pale brown (5YR5/2), the shales are also grayish 
red (5R4/2), moderate brown (5YR4/4), and pale grayish 
green (10GY6/2) on freshly broken surfaces. Weathered 
surfaces commonly show liesegang rings of grayish red 
(5R4/2), tan, and light greenish gray (5GY8/1). The 
Chisholm Shale commonly appears massive and homogeneous 
except for occasional color bands and is not visibly 
micaceous in general. Shaly character is visible only 
where weathering has revealed very thin laminations 
(Merr iam, 1964).
Limestone beds 8 cm to 2 m thick are often 
intercalated with the shales of the Chisholm. These beds 
are fine grained, light olive gray (5Y6/1) to medium gray 
(N5), fossiliferous, and usually mottled. Where thick, 
they have argillaceous partings. Shelly material and 
oncoid-like bodies are also present (Merriam, 1964).
Based on abundant and well-preserved trilobite fossils 
of the Glossopleura zone, Merriam (1964) assigned an early
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Middle Cambrian age to the Chisholm Shale. The Chisholm 
Shale of the Pioche mining district is therefore 
correlative with the Desert Range Limestone Member of the 
Carrara Formation in the Spring Mountains— Death Valley 
region (Palmer and Hailey, 1979), the Flour Sack Member 
of the Bright Angel Shale in the western Grand Canyon 
(McKee, 1945), and the upper shaly member of the Bright 
Angel Shale at Frenchman Mountain as described by Palmer 
and Nelson (1981; Fig. 4).
Grand Canyon Region 
Tapeats Sandstone.--Defined by Noble (1914, p. 62) for 
exposures where Tapeats Creek empties into the Colorado 
River, this formation is the basal sandstone of the 
Cambrian Tonto Group. Ranging from 30 to 91 m thick in 
the Grand Canyon region, the Tapeats Sandstone shows no 
regional thickness trends but appears instead to reflect 
the irregular topography of the underlying Precambrian 
terrain upon which the Tapeats was deposited. Based on 
the stratigraphic position of the lowest olenellid 
occurrence, the Tapeats Sandstone was assigned a late 
Early Cambrian age in the western Grand Canyon and a late 
Early Cambrian to early Middle Cambrian age in the eastern 
Grand Canyon (McKee, 1945). The Tapeats of the western 
Grand Canyon is therefore coeval with the following units: 
(1) the Upper Member of the Wood Canyon Formation and the
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Zabriskie Quartzite of the Spring Mountains--Death Valley 
region (Stewart, 1970); (2) upper portions of the Prospect 
Mountain Quartzite in the Pioche region (Merriam, 1964), 
and (3) the Tapeats Sandstone as described by Palmer and 
Nelson (1981) at Frenchman Mountain in the Lake Mead 
region (Fig. 4 ) .
According to McKee (1945), three lithologic facies are 
found in the Tapeats Sandstone: a conglomerate, coarse­
grained sandstone, and green fissile shale. Conglomerate 
is primarily confined to the base of the formation, where 
it commonly occurs in depressions scoured into the 
Precambrian surface and as scattered lenses. Pebble-sized 
clasts predominate in this facies, but boulder-sized 
clasts are also observed. Angular to well rounded, these 
clasts are composed of pegmatitic quartz and feldspar, 
vein quartz, schist, granite, quartzite, and red jasper. 
Ferruginous sands comprise the bulk of the conglomeratic 
matrix. No sedimentary structures were observed in this 
facies (McKee, 1945).
The coarse-grained sandstone facies— a clean, vitreous 
quartz sandstone that is locally arkosic— accounts for 
most of the Tapeats Sandstone (McKee, 1945). Framework 
grains are largely cemented by varying amounts of silica 
in the form of quartz overgrowths, but iron-oxide cement 
is locally important. Grains are primarily angular or 
subangular, medium to coarse sand-sized, and moderately
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sorted. Beds of this facies are commonly thick (sensu 
Campbell, 1967) and exhibit prominent cross­
stratification. Although both trough-shaped and tabular- 
to wedge-shaped foreset types were observed, McKee (1945) 
found that trough-shaped foresets are closely associated 
with Precambrian monadnocks. Conversely, tabular- and 
wedge-shaped foresets are common throughout the Tapeats 
Sandstone, but are especially characteristic of sediments 
deposited far from current-deflecting Precambrian 
monadnocks. Dipping 20 to 25° for the most part, cross­
stratification foresets show no evidence of paleocurrent 
reversals. Average paleocurrent direction is "between 
west and southwest" based on over 500 cross-stratification 
measurements (McKee, 1945, p.43).
McKee (1945) observed many other primary sedimentary 
structures in the coarse sandstone facies: (1) straight- 
current ripple marks; (2) pit and mound structures (sensu 
Reineck and Singh, 1980, p. 57); (3) trilobite walking 
traces (probably Diplichnites); (4) sub-horizontal, 
interlocking burrow casts thought by McKee (1945) to be 
produced by annelids (probably Planolites); (5) crescent­
shaped grooves along the top surface of bedding planes 
(i.e., Arenicoloides); and (6) annelid- or phoronid- 
produced burrow casts oriented perpendicular to bedding 
(i.e., Skolithos). Additionally, Noble (1923) observed 
what he called "suncracks" (probably mud cracks) in the
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Tapeats. All but the pit and mound structures were 
confined to the transitional beds at the top of the 
Tapeats Sandstone (McKee, 1945).
As previously mentioned, the Tapeats Sandstone grades 
upward into the Bright Angel Shale through a "transition 
unit" arbitrarily assigned to the Tapeats by Noble (1914, 
p. 62). This unit represents a combination of two facies, 
one of which is the coarse-grained sandstone facies 
already discussed (McKee, 1945). The other facies of the 
transition unit is a green fissile shale. One of the most 
widespread of facies occurring in the Cambrian of the 
Grand Canyon, this facies is papery, fossiliferous, and 
predominantly non-micaceous. Locally, however, sericite 
imparts a satiny luster to some shale beds. Where 
Planolites-1ike structures are present, the shale is 
bioturbated and no longer papery (McKee, 1945).
In addition to showing lithologic variation 
recognizable as facies, the Tapeats also exhibits certain 
regional variations in lithology that McKee (1945) 
determined were unrelated to depositional environment. 
These variations are reflected by color and gross outcrop- 
character (McKee, 1945). Fairly uniform 1ithologically in 
the eastern Grand Canyon, the Tapeats usually forms a 
single sheer cliff of "chocolate brown" color. In the 
central Grand Canyon, however, the lower quarter of the 
Tapeats is a weakly resistant, purple sandstone and the
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remainder is a cliff-forming brown quartzite. The Tapeats 
Sandstone of the western Grand Canyon consists of a lower, 
very well cemented, cliff-forming, purple quartzite and an 
upper, bench-forming, relatively weakly resistant, brown 
sandstone. Although McKee (1945) noted that quartzites 
are more abundant in western than in eastern parts of the 
Grand Canyon and that the variations described above are 
independent of depositional environment, he proposed no 
explanation for these lithologic variations. Presumably, 
these variations are diagenetic in origin.
Bright Angel Shale.--Named by Noble (1914, p. 62) for 
exposures in the walls of Bright Angel Canyon, the Bright 
Angel Shale lies between the basal sandstone and sequence- 
capping limestone of the Tonto Group (i.e., the Tapeats 
Sandstone and the Muav Limestone). As both contacts are 
gradational, Noble (1923, p. 38 and 40) arbitrarily placed 
the lower boundary atop the highest "coarsely banded white 
cross-bedded sandstone" of the Tapeats and the upper 
contact at the base of the "cliff-making gray and buff 
mottled limestone" of the Muav Limestone. This definition 
of the Bright Angel Shale was followed by McKee (1945) 
throughout the Grand Canyon and was also followed for 
stratigraphically equivalent rocks in the Lake Mead 
region.
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In thickness, the Bright Angel Shale varies 
substantially but not in any predictable manner (McKee, 
1945). Thickness ranges from 137 m in the extreme western 
Grand Canyon to 82 m in central Grand Canyon to 99 m in 
eastern Grand Canyon. This thickness pattern is 
attributable to lateral variation in lithology along time 
planes such that the basal and upper contacts rise 
irregularly from western to eastern portions of the region 
(Fig. 5).
Although fossils are very common locally in the Bright 
Angel Shale of the Grand Canyon region, identifiable 
specimens are rare. Several trilobite assemblages were 
recognized, however (McKee, 1945). Based on these faunal 
assemblages and the paleontologic work of Resser (1945), 
McKee assigned a late Early Cambrian to early Middle 
Cambrian age to the Bright Angel Shale in westernmost 
Grand Canyon and an early Middle Cambrian age to the same 
unit in easternmost Grand Canyon. The Bright Angel Shale 
in westernmost Grand Canyon is therefore coeval with the 
following units: (1) the Pyramid Shale through Desert 
Range Limestone members of the Carrara Formation in the 
Spring Mountains— Death Valley region; (2) the Pioche 
Shale, Lyndon Limestone, and Chisholm Shale in the Pioche 
mining district; and (3) the lower shaly member, Lyndon 
Limestone equivalent, and upper shaly member of the Bright
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Angel Shale as described by Palmer and Nelson (1981) at 
Frenchman Mountain in the Lake Mead region (Fig. 4).
Lithologically heterogeneous, the Bright Angel Shale 
consists of three basic zones defined on the basis of 
outcrop morphology: a basal slope-forming zone; a reddish, 
weakly cliff-forming zone; and an upper zone marked by 
slope-forming platy siltstone and cliff-forming rusty- 
brown dolostone (McKee, 1945). Only 9 to 15 m thick in 
western Grand Canyon, the basal slope-forming zone is much 
thicker in eastern Grand Canyon. Throughout the Grand 
Canyon, this zone consists of varying proportions of 
three main facies: a slope-forming, green fissile shale; 
a weak ledge-forming greenish buff, crumbly sandstone; and 
a ledge-forming, dark brown or purple, quartzitic 
sandstone. The green fissile shale facies, also found as 
parting zones between the coarse sandstones of the Tapeats 
transition unit, is primarily papery, non-micaceous, 
fossiliferous, and locally bioturbated as previously 
described. "Fucoid-like" structures (probably 
Planolites), worm borings, and trails are locally abundant 
(McKee, 1945).
The greenish buff, crumbly sandstone facies is a fine­
grained, poorly sorted, friable sand composed primarily of 
rounded quartz grains with subordinate amounts of green 
shaly or silty clasts, muscovite, glauconite, limonite, 
and lingulid brachiopod shells (McKee, 1945). Thinly to
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thickly bedded, this facies is closely associated with the 
dark brown or purple quartzitic sandstone facies. Both 
facies form ledges that alternate repeatedly with the 
slope-forming green fissile shales in the basal Bright 
Angel Shale (McKee, 1945).
Immediately above the basal slope-forming zone lies a 
reddish, weakly cliff-forming zone. This zone is 
represented by "red-brown beds" in western Grand Canyon 
and by "magenta sandstones" in eastern Grand Canyon. The 
"red-brown beds" consist of fissile shale, mudstone, and 
parallel-laminated to weakly cross-laminated siltstone of 
the red-brown siltstone facies. These beds are 
unfossiliferous except for "fucoid-like markings"
(probably Planolites) and trails. Current ripple marks 
and small-scale cross-laminations also occur in the red- 
brown siltstones of this zone (McKee, 1945).
In a re-evaluation of Cambrian depositional 
environments in the Grand Canyon, Wanless (1973) described 
a flaser-bedded sandstone facies partially equivalent to 
the red-brown siltstone facies of McKee (1945). Within 
this facies, he observed numerous sedimentary structures 
indicative of tidal-flat deposition which are discussed in 
the paleoenvironmental analysis chapter of this paper.
In eastern Grand Canyon, magenta sandstones are found 
in the reddish, weakly cliff-forming zone (McKee, 1945). 
These fine-grained, ferruginous, thickly bedded, largely
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structureless sandstones are primarily composed of quartz, 
feldspar, and glauconite grains cemented by hematite. 
Locally, the cement has an oolitic texture similar to that 
of the Clinton iron deposits of the Appalachians. Wanless 
(1973) observed similar hematitic oolite beds in this zone 
and presented petrographic evidence that they formed as 
oxidizing ferricrete paleosols during periods of subaerial 
exposure. Lingulid brachiopod shells are locally abundant 
as are trilobite furrowing traces (probably Cruziana) 
(McKee, 19 45).
Above the reddish, weakly cliff-forming zone lies an 
upper, alternately slope- and cliff-forming zone. Four 
facies are found in this stratigraphic interval: a brown- 
spotted siltstone, a rusty-brown dolomite, a Girvanella 
limestone, and a platy siltstone and silty limestone 
facies (McKee, 1945). In the western Grand Canyon, the 
brown-spotted siltstone facies immediately overlies the 
"red-brown beds" and also occurs in upper parts of the 
eastern Grand Canyon section. Platy and very quartzitic, 
this facies usually weathers into hard, flat slabs 2 to 13 
mm thick with a few plates as thick as 6.5 cm. Evenly 
distributed, brown ferruginous spots 2 to 7 mm in diameter 
account for 10 to 90% of an otherwise gray to buff rock. 
Primarily composed of tightly cemented quartz silt with 
accessory amounts of muscovite, the brown-spotted
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siltstone facies is slope- to weakly ledge-forming (McKee, 
1945).
The most distinctive of Bright Angel lithofacies, the 
rusty-brown dolomite facies, forms prominent cliffs 
throughout the Grand Canyon. Recognizing that these 
reddish brown- or orange-weathering cliffs merge westward 
into massive limestones of the overlying Muav Limestone, 
McKee (1945) referred to these eastward extending 
protrusions as "tongues" and gave many of them formal 
names. According to McKee (1945), each of these dolostone 
tongues were deposited during transgressions of the 
Cambrian sea. As there are eight such tongues in the 
Bright Angel Shale of the Grand Canyon, at least eight 
major transgressive events are recorded in this unit.
Each of these tongues is stratigraphically bounded by 
shaly beds inferred by McKee as representative of minor 
regressions. The dolostone tongues, stratigraphically 
bounded by shaly units, appear entirely analogous to the 
clastic-carbonate cycles of the Carrara Formation in the 
Spring Mountains--Death Valley region (Palmer and Hailey, 
1979) and document that the Cambrian sea, although 
"transgressive" overall, was interrupted by numerous minor 
"regressions".
Lithologically, the dolostone tongues primarily 
consist of fine-grained, iron-stained dolomite with 
accessory amounts of calcite and glauconite (McKee,
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1945). Clastic quartz of varying percentages, grain-size, 
and degree of roundness was observed in all Bright Angel 
thin-sections. Because dolomite replacement of calcite 
could not be documented, McKee considered the dolomite a 
primary sedimentary feature reflecting deposition in a 
specialized environment. However, petrographic study of 
the Tincanebits and Meriwitica dolostone tongues in the 
adjacent Lake Mead region indicates that dolomitization 
was quite common in these units. It thus appears that the 
dolomite content of these tongues is independent of 
depositional environment.
Closely associated with the rusty-brown dolomite 
facies is the Girvanella limestone facies. This 
distinctive facies is characterized by 2- to 20-mm- 
diameter, spherical to ovoid "nodules" (probably oncoids) 
scattered in varying proportions throughout a fine-grained 
limestone matrix. Many of these nodules show a trilobite- 
fragment nucleus surrounded by 4 to 10 concentric laminae 
commonly stained red by iron-oxide (McKee, 1945). Other 
nodules are partially to completely replaced by small 
ankerite rhombs. Where replaced by ankerite, the 
Girvanella limestone facies has a conspicuous spotted 
appearance in outcrop and is easily recognized. According 
to McKee (1945), this facies was deposited immediately 
seaward of the rusty-brown dolomite facies of the Bright 
Angel Shale and immediately landward of the mottled
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limestone facies of the Muav Limestone during periods of 
transgression.
The final facies observed by McKee (1945) in the upper 
zone of the Bright Angel Shale is the platy siltstone and 
silty limestone facies. Weathering reddish brown, grayish 
green, or grayish brown, this slope-forming lithofacies is 
micaceous, very thinly bedded, and parallel- to cross­
laminated. Wrinkle marks, intraformational conglomerates, 
and glauconite deposits were locally observed in this 
facies by McKee (1945). Based on their stratigraphic 
position above inferred transgressive, eastward-extending, 
limestone and dolostone tongues, McKee suggested that the 
platy siltstone and silty limestone facies was deposited 
during regressions of the sea.
In western Grand Canyon, where Cambrian stratigraphy 
is particularly relevant to the present study, two rusty- 
brown dolostone tongues occur between the "red-brown 
beds" of the Bright Angel Shale and the massive, mottled 
limestones of the Muav Limestone (McKee, 1945). The lower 
of these , the 3- to 9-m-thick Tincanebits Tongue, 
immediately overlies 9 to 30 m  of micaceous, green shale 
and thinly bedded, brown siltstone. Named for a canyon in 
western Grand Canyon, the Tincanebits Tongue is a gray, 
fine-grained, cliff-forming dolostone and platy, silty 
limestone. This tongue is overlain by a westward- 
extending, slightly less resistant, 8- to 12-m-thick
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interval consisting of glauconitic siltstone, thinly 
bedded dolostone, and green shale. Above this interval 
lies the upper, cliff-forming, dolostone tongue known as 
the Meriwitica. Named for a canyon in western Grand 
Canyon, the 3- to 6-m-thick Meriwitica Tongue bears 
fossils of the early Middle Cambrian Glossopleura 
assemblage zone (McKee, 1945). McKee also observed 
oncoids in the Meriwitica, such that a small portion of 
this tongue is composed of the Girvanella limestone 
facies. Although present in younger dolostone tongues of 
the Bright Angel Shale elsewhere in the Grand Canyon, 
dolomitized oncoids were not observed in the Meriwitica 
Tongue (McKee, 1945).
Between the Meriwitica Tongue and the base of the Muav 
Limestone in western Grand Canyon lies the Flour Sack 
Member, a recessive, 29- to 37-m-thick, richly 
fossiliferous (Glossopleura zone) interval of green and 
purple shales to thin, platy limestones. Named for Flour 
Sack Rapids 13 km east of the Grand Wash Cliffs (now 
submerged beneath Lake Mead), this member was considered 
by McKee (1945) as a westward-extending tongue of the 
Bright Angel lithosome (Fig. 5). This interpretation is 
supported by lateral facies changes within the Flour Sack 
Member which grades westward from a purple or green, thin, 
fissile, micaceous shale to a thin, platy limestone with 
silty, micaceous surfaces (McKee, 1945).
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Stratigraphic correlation.--Because trilobites are fairly 
abundant in Cambrian rocks of the western Grand Canyon, 
fairly precise stratigraphic correlations can be made 
between Cambrian rocks in the Grand Canyon region and 
regions to the west and northwest. In western Grand 
Canyon, trilobites of the early Middle Cambrian A Ibertella 
zone were discovered just beneath the Tincanebits Tongue 
(collection 13; Appendix D), whereas those of the somewhat 
older early Middle Cambrian Glossopleura zone were found 
at the top of the Meriwitica Tongue (collection 14; 
Appendix D) and at several horizons in the Flour Sack 
Member (collections 16 and 17; Appendix D). The 
Tincanebits-Meriwitica interval is therefore correlative 
with the following units: (1) the Jangle Limestone Member 
of the Carrara Formation in the Spring Mountains— Death 
Valley region (Palmer and Hailey, 1979); (2) the Lyndon 
Limestone of the Pioche mining district (Merriam, 1964); 
and (3) the "Lyndon Limestone equivalent" of the Bright 
Angel Shale at Frenchman Mountain as described by Palmer 
and Nelson (1981, p. 12; Fig. 4). Based on the same 
information, the Flour Sack Member of the Bright Angel 
Shale in the Grand Canyon region is coeval with (1) the 
Desert Range Limestone Member of the Carrara Formation in 
the Spring Mountains— Death Valley region (Palmer and 
Hailey, 1979); (2) the Chisholm Shale in the Pioche mining 
district (Merriam, 1964); and (3) the upper shaly member
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of the Bright Angel Shale as described by Palmer and 
Nelson (1981; Fig. 4).
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APPENDIX D
FAUNAL COLLECTIONS IN THE LAKE MEAD REGION
(1) Locality: Southern end of Sheep Mountain (southeast
of Jean, Nevada) in Sec. 32, T25S, R60E 
(unsurveyed); Roach, Nevada, 7.5' topographic 
quadrangle
Horizon: Basal 1 m of the Tapeats Sandstone 
Reference: Hewett (1931)
Identifier: Edwin Kirk, U. S. Geol. Surv.
Fauna: Billingsella coloradoensis
(2) Locality: Southern end of Sheep Mountain (southeast
of Jean, Nevada) in Sec. 32, T25S, R60E 
Horizon: Basal 25 m of Pioche Shale in green,
convolute-bedded (structurally imposed?) shale 
Reference: Stephen M. Rowland (personal 
communication, 1986)
Identifier: Stephen M. Rowland
Fauna: Olenellus clarki and Biceratops nevadensis
(3) Locality: Southern end of Sheep Mountain (southeast
of Jean, Nevada) in Sec. 32, T25S, R60E 
Horizon: Scattered throughout Chisholm Shale 
Reference: Stephen M. Rowland (personal 
communication, 1986)
Identifier: Stephen M. Rowland
Fauna: Glossopleura sp. and agnostid sp. undet.
(4) Locality: Western flank of Frenchman Mountain (east
of Las Vegas, Nevada) in NE 1/4, Sec. 26, T20S, 
R62E; Las Vegas NE, Nevada, 7.51 topographic 
quadrangle
Horizon: In green, sandy, micaceous shales from 8 to 
16 m above Pioche Shale base 
Reference: Pack and Gayle (1971)
Identifiers: P. D. Pack and H. B. Gayle 
Fauna: Paedeumias nevadensis(?), Fremontia sp., 
abundant trilobite parts, Hyolithes sp.
(5) Locality: Western flank of Frenchman Mountain (east
of Las Vegas, Nevada) in NE 1/4, Sec. 26, T20S,
R62E
Horizon: In green, sandy, fissile shales from 30 to 
33 m above Pioche Shale base 
Reference: Pack and Gayle (1971)
Identifiers: P. D. Pack and H. B. Gayle 
Fauna: Fremontia sp. and Paedeumias sp.
(6) Locality: Western flank of Frenchman Mountain (east
of Las Vegas, Nevada) in NE 1/4, Sec. 26, T20S,
R62E
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Horizon: In interbedded hard brown sandstones, green 
shaly sandstones, dark gray shaly sandstones, and 
gray sandy shales from 33 to 40 m above Pioche 
Shale base 
Reference: Pack and Gayle (1971)
Identifiers: A. J. Rowell (brachiopods); P. D. Pack
and H. B. Gayle 
Fauna: Bicezatops nevadensis, Paedeumias sp.,
Fremontia sp., 01enellus(?) sp., Dictytonina 
pannula (White), Wimanella(?) sp., eoorthid sp. 
undet., Hyolithes sp., annelids, and abundant 
worm casts
(7) Locality: Western flank of Frenchman Mountain (east
of Las Vegas, Nevada) in ME 1/4, Sec. 26, T20S, 
R62E
Horizon: In green, micaceous shales within the upper
17 m of the Pioche Shale
Reference: Pack and Gayle (1971)
Identifiers: A. J. Rowell (brachiopods); P. D. Pack 
and H. B. Gayle 
Fauna: Albeztella sp., trilobite sp. undet., 
Miczomitza (Paterina) ? sp., annelids
(8) Locality: Western flank of Frenchman Mountain (east
of Las Vegas, Nevada) in NE 1/4, Sec. 26, T20S,
R62E
Horizon: On thin, pale brown (5YR5/2) to moderate 
brown (5YR4/4), strongly calcareous, sandstone 
lenses intercalated with dark grayish red (5R3/2) 
clayshales about 7 m above Chisholm Shale base 
Reference: This study 
Identifier: J. K. Hardy 
Fauna: Probable Anoria sp.
(9) Locality: Western flank of Frenchman Mountain (east
of Las Vegas, Nevada) in NE 1/4, Sec. 26, T20S,
R62E
Horizon: In trilobite-fragment 1 ime-packstones
interbedded with shales at sporadic intervals 
throughout the Chisholm equivalent 
Reference: Palmer and Nelson (1981)
Identifier: A. R. Palmer?
Fauna: Occasionally identifiable specimens of 
Glossopleura
(10) Locality: Grand Wash Cliffs near Diamond Bar Ranch;
Grapevine Canyon, Arizona, 7.5* topographic 
quadrangle
Horizon: 1 m above Bright Angel Shale base 
Reference: Resser (1945); fauna #9
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Identifier: C. E. Resser 
Fauna: Olenellus sp. undet.
(11) Locality: West of Rampart Cave about 2.4 km east of
the Grand Wash Cliffs; Columbine Falls, Arizona,
7.5' topographic quadrangle 
Horizon: 4 m above Bright Angel Shale base 
Reference: Schenk and Wheeler (1942); fauna F-15 
Identifiers: C. E. Resser and L. L. Sloss 
Fauna: Antagmus sp., Nisusia sp., and Olenellus sp.
(12) Locality: West of Rampart Cave about 2.4 km east of
the Grand Wash Cliffs 
Horizon: 22 m beneath the Tincanebits Tongue base 
Reference: Resser (1945); fauna #49 
Identifier: C. E. Resser 
Fauna: Anoria sp.
(13) Locality: West of Rampart Cave about 2.4 km east of
the Grand Wash Cliffs 
Horizon: 9 m beneath the Tincanebits Tongue base 
Reference: Resser (1945); fauna #48 
Identifier: C. E. Resser 
Fauna: Albertella schenki (Resser)
(14) Locality: West of Rampart Cave about 2.4 km east of
the Grand Wash Cliffs 
Horizon: Top of the Meriwitica Tongue 
Reference: Resser (1945); fauna #45 
Identifier: C. E. Resser
Fauna: Glossopleura sp. and Kootenia simplex (Resser)
(15) Locality: West of Rampart Cave about 2.4 km east of
the Grand Wash Cliffs 
Horizon: About 9 m above Chisholm Shale base 
Reference: Schenk and Wheeler (1942); fauna F-38 
Identifiers: C. E. Resser and L. L. Sloss 
Fauna: AlokistocareI? )
(16) Locality: West of Rampart Cave about 2.4 km east of
the Grand Wash Cliffs 
Horizon: 13.4 m above Flour Sack Member base 
Reference: Resser (1945); fauna #47 
Identifier: C. E. Resser
Fauna: Alokistocare althea (Walcott), Anoria sp.,
Dictyonina arizonaensis (Resser), Elrathia sp.,
Glossopleura m ckeei (Resser), and Lingulella
mckeei (Resser)
(17) Locality: West of Rampart Cave about 2.4 km east of 
the Grand Wash Cliffs 
Horizon: 20.7 m above Flour Sack Member base
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(18)
(19)
Reference: Resser (1945); fauna #46
Identifier: C. E. Resser
Fauna: Acrocephalops(?) arizonaensis (Resser), 
Alokistocare sp. undet., Clavaspidella sp., 
Elrathia sp., and Glyphaspis sp.
Locality: Along the Glendale-Carp-Caliente road
immediately south of the low summit in Lincoln 
County about 6.5 km north of the Clark County 
line; Davidson Peak, Nevada, 7.5* topographic 
quadrangle
Horizon: In tan to greenish tan, micaceous,
irregularly laminated shales with several 
intercalated beds of quartzite and limestone 12.2 
m beneath Lyndon Limestone base
Reference: Wheeler (1943)
Identifier: Charles Deiss
Fauna: Albertella sp. and Ptarmigania sp.
Locality: Along the Glendale-Carp-Caliente road
immediately south of the low summit in Lincoln 
County about 6.5 km north of the Clark County 
line; Davidson Peak, Nevada, 7.5' topographic 
quadrangle
Horizon: In medium gray, thinly and irregularly
bedded limestones with buff shale partings from 
38 to 40 m above Chisholm Shale base
Reference: Wheeler (1943)
Identifier: Charles Deiss
Fauna: Glossopleura alta (Deiss), Glossopleura c f . 
fordensis (Deiss), and Glossopleura cf. nitida 
(Resser)
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